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PREFACE TO THE SECOND AND 
REVISED EDITIOI^. 


T he call for elTiciencv in the working of steam-boilers 
was never •more urgent than at the present time, 
when fuel is such aVi important item in manufacturing 
costs, and the neecT for economy in the use of this fuel is 
for»*d, upon us, not only by its ^teadfly increasii%g price.^ 
but also by our rapidly diminishing reserve^ of this impor- 
tant raw material of manufacturing industry. The end of 
tbe War will not mean a return to the slatiis quo c^ntc 
with regard to fuel, for in the opinion of those best qu5d’Vie& 

9 to iiidge, the price in Europe and America wifi never again 
return tc^its former low level. 

The reasons advanced in the original preface for the 
publication of a handbook upon Fuel, Water and Gas Ana- 
specially written for steam-users, therefore, have Ijeen 
emphasized by the events of the past four years, and the 
fact that a new edition is called for. proves that iUe hand- 
book has met a real need, and that its contents have proved 
of practical value to engineers in charge erf steam-boiler 
plants. , • 

While preparing a revised edition of the book the^au^hor 
has* made use of the opportunity to add chapters upon 
i“ Fuel-Sampling " and upon the ” Calorific Valnatioif V 
Liquid and Gaseous Fuels.*' The need for more c^re and 
aftention to the important subject of sampling, has 
proyed«6y the state rfh which samples of fuel are too often 
handed over by engineers to the chemist for^ examinatiou 
—while the use of licjuid and gaseous fuels for steam-genera- 
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tion, in^ plag^ of solid /uels, is certainly on tfie increase 
Tke chapte^r dealing with continuqps an^ recor^in^ •gas- 
testing appar:^ tus^ has been l^rought up to date by t5e 
addition of much new matterf These additional cl»aptei^, 
shoulc^ add considerably to tl^; value of the book. . 

The author’s thanks arc due- — to the Publishers |ljj^ 
Editor of The Times (Engineering Supplement) for pefmis- 
sion to make ijse of articles upon “ Fuel-Sampling*’ and 
“ Ga»5-€alorimctry^ ” which have been contributed^y hirn 
to that Journal; to 11110 Director of* the^ U.S.A. Bureau of 
Mine^ Washington, for permission ,to reproduce %mattcn 
that has appeared in Bulletin (> ), by G S. Pope, upon tha 
“Sampling, of Co/il-Delivtaies ; and finally to Messrs. 
^Eimcr and. Amend of New \’()rk. and to The StuTlK'ant 
Engineer inf!^ Co. of London, for the loan of ‘illustrations 
appearing on pp. 21, 62. ()j and 64. 

< T.lit; author hopes that this revision and enlargement W 
the book will further enhance its value to engineers, and 
will aid in producing a higher average cfliciency in the wfTrk- 
ing 6f steanplioilers on both sides of the AtlanKc. 

JOHN B. C. KERSHAW. 

9, Grosvenok Road. ♦ 

CoLWYN Bay, North Wales. 



PREFACE TO THE FIRST EDITIO'N. 


S TBAM-USERS have shown' a lendency in tlie ]):ist to 
neglect the boili^-^ioii^e for the ungine-rooin, »and 
liave cpneentrated theR* efforts for tluMinproveinent of Die 
► ^lhcicn#y of the j)].in^ almost exchi^ively nj)on tlie l,itter. 
WV study of tli(‘ loHi.e^ incurred during the convi'rsion of 
the thermal energy stored in coal into tlie thermal, energy 
of steam, will show that it is m thi* hoiler-hoiis^' that tl^e 
^ greater preventable lo^^es are occurring, and that the ratio 
may be exj)ressed by the numbers 25 and 5. ^ 

It is however, now beginning to be recognized tfta*^ a 
^sciejjtifically managed boiler-housF' is a sme qua' non for the 
economic ^generation of steam powiT, and* considerHi^le 
attention is being givt'n by st(*am-engineers to this portion 
of th(‘ir power generating ]>lanj. 

• •The chemical examination ol the fuel, water, and of the 

waste gases has been found to be of great service ir.’ attain- 

» 

ing the liighest efficiency from the boiler plant ; bujt 
wofk has hitherto been published, at once Vientific and* 
^ practical, covering the ground required by the boiler»house 
engineer. • 

Tl} e author, in the following pages, has therefore attempted 
to meet a feal want, and has bfought together de'scriptiofia 
of appaiUtus and information as to methods of analysis, 
wlfich it is hoped may .prove of value to all engaged in tTie; 

' managejjfent of steaiV boilers. 

The descriptions and information are base^, as far as'- 
posiable, upon practidbj experience with the apparatus and 
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methods of work described. Elsl^iecial a^ten^cyi may be 
dheeb'd to tlfe three chii5)ters in which tlie practical apj:ilica-i 
tions of tlie^lest results are iJlustrat#>d ; smre, offon»rv^]i(^ 
tests have lieefi unde, tberc* i;f failure to make use of the 
information obtained, for iin^)rovem(“nt of tlu* ehlT'iency oi 
ithe ])flint. ^ 

It Is liojx'd tlvit a book whi< li thus based upon sck'fffi 
apd ])racti(’(' m^y ])rove ol* ( onsiderable srrMt'c to ;*11 en- 
f;inetrs who are #an\ioiis to f»])tKin the hii^he-t ]^ossil)le 
enieieiicy from theiii 'sK-am j^iaieraump^ ])lant. 

JOHN Jl C. Kh;RSHk\\V. 
Thl Wrst T.\N( AsniKi-: Lauok xionv, 

'iVAlf’Kl oo.'Eivuki’ool, 

Jaiiiiih'y ji, 1907. 
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PART I : FUEL. 




CHAPT^ 1/ 

Natural and Artificial f^uels : — Their Orfgin, 

^Composition and Methods of Siiinpling. 

• 

T he form in which fuel mfiy be used ©under steam* 
bbilcrs, in order to»produce the heat energy which 
it*is desired to utilize ii\ the form ot steam, is exceedingly 
diverse.’ Natural fiTels are either solid or liquid, but 1 )oth 
varieties •by aid of suitable apparatus and plant, may be 
converted into gasetus fuel. A natural gas which may 
be used as fuel is also found *111 certayi loc©dities in E^irope 
and America. In the latter country it is largely *.ised for 
lighting and heating purposes. At the present time there* 
js a decided tendeiK’y to employ fuel-gas in place of solid 
fuel for many purposes in the arts and industries. The 
control of the combustion process is much more ealily 
carried out when employing fuel-g^s than when^usiing solid 
Ael ; •iind the lo.ss of heat which occurs in the gas-produci 
ing plant i^ to some extent balanced by the v^lue of tfie 
ammonia and tar products, obtained by suitable treatment 
of the producer ga.ses. The sulphur impurities of the coal 
may also be removed, and obtained as valuable by-product». 
Although gaseous-fuel has not been applied on any con- 
siderable scale to the firing of steam boilers in tliis cefintryT 
this method of steam raising will receive increased atten- 
tion and application in the future ; and, in Ihe writer’s 
opinion, the .increased use of fuel-gas is likel^ t« prove 
o®e solution for the smoke problem which now confronts 
manufacturers usrng solid fuels for heating purpose^ ia 
large csties. 

Carbon an^ hydrogiai are the* essential heat-pfoducing* 
elements ii^ all natural or artificial fuels. The amount of 
heat prodr c ‘d by the complete combustion of one p 5 und 
of fiffel depends upon thev percentage of these two elements 
present in «the free i)T ^mbined state. Combustion is in^ 
reality# an* oxidation process. The products of, the com- 
plete combustion of fuqj are carbon dioxide gas (COj) and 
,aqueQas vapour (HjO).* The incomplete combu^ion of 
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fuel produces a number of secondary prodr^^ts, chief of' 
^whjch are barbon mc/aoxide g>as (CO) and various hydr/ 
fcarbon gases (methane, ethvfcne apd acetylene) ; J:he^latter 
being either presc’nt as, sucli ^n the fuel, or formed by c8m- 
bination of the 'carbon andi hydrogen of the fuel when it 
is first heated. On furtlvir heating, in presefice of an 
adequate suj)ply pf air, these gases burn with evolution of 
heat and pro^duction of carbon dioxide gas and ac^pous 
vapour. The further chemistry of the combustion process 
‘ will be dealt with in Chapter Xl. It may, however, be 
stfited here tlAit the exact nature of the physical and 
chemical changes W’hich occur wl)cn coal is heated is still 
unkfiown. Cliemists liave not yet discovered whether the 
hyctnogvn presemt in solid fuels exists in the free of\:ombinfefl 
state. Drs. Wheeler & Slopes have published recently ^le 
resul/sof'an cxtrnde(^ inveslihation bearing on this subject 
^ (see J. Soc. Chem. Ind., January and February 19117, and a 
monograph published by H.M. Stationery Office). 

Natural solid finds may be classilied in the following 
order : wood, peat, lignite, bituminous coal, semi-an- 
<hf acite and anthracite ; while petroleum and . its by-pro- 
ducts stand as the representatives of liquid fuels ; and 
, coal-gas, coke, peat-coke and briquette fuels represer.t the 
artificial ^lerivatives of the above natural fuejs. 

All naturally occurring solid fuels are held to be modifi- 
cations of wood and woody fibre, absence of air, heat and 
pressure being the ageUAes which bring about decay and 
fossilization of the vegetable matter. ** 

‘ Geologists assert that anthracite is the oldest of the 
na/ural solid fuels. Cellulose, the chief constituent of 
w^ood and iwoody fibre, is represented by the formula — 
CoHioOo, alid contains 44 per cent, only of C0,rbon ; while 
anthracite contains 90 per cent. The process of conversion 
«f \vood into coal is thus accompanied by a gradual escape 
of portion of the oxygen and hydrogen, which mako up' 56 
‘per cent, of the weight of cellulose, and a gr^ual increase 
in the density and hardness of the product of tjiis change. 
Ligrtite, soft or bituminous coal, and hard or steam coal, 
are the successive stages in the conversion of wood*' into 
iithracite. Peat i^ a similar product from the plant life 
which grqws in bogs, of less age and therefore ( 5 f Itss fos- 
silized character, than coal. In ,peat, the percentage of 
vojatilei matter which is* given off on heating is often as^ 
high as ^5 per ceiit., and tire solid carbon^^s thus less than 
4 
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one-third of^hg total weigjt* of the peat. Time, heat, and 
pressure would no doubt convert peat,into a f iiek resc'ftibling;^ 
coal X ^ 

Petroleum and i!aturarf,^as arfi fuels tliiit h;j\’e ocen pro- 
duced by another series of (^iange*s in t^e strata of the 
Garth’s crtlst ; but limits of space will not permit of any 
discussion of the various theories relating to the formation 
of tl^cse products. 


Wood. 

••Althoi^h wood is nqj- used to any great extent a^ arfuel 
inixountries with extensive and available supplies of*coal, 
yet as the original material rfrom which our coal supplies 
have baen derived by natural processes, its competition 
and characteristics deserve some mention here. Wood* 
jn its natural state is composed of thickcuied plant cells, 
which on microscopic examination reveal three ccjiistituents 
— tlfe woody fibre or cellulose, the sap, and the mineral 
salts taken up from the soil. 

' Th# sap consists chiefly of watef, with the ot^anic salts, 
required for nourishment of the tree or plant, *111 solutitf'if. 
In freshly felled timber the water present in thTj sap may 
amount to 45 per cent, of the total weight of the wood; 
by air drying this can be #educed to from 10 to 
2d* per cent, according to the nature of the wood 
and density of its fibres. The woody-fibre contains froiy 
40 to 44 per cent, of carbon, and is the real heat-producing, 
element of wood. Owing to the large amount ^of hydrogen 
and oxygen present in cellulose (CeHiuOa) in tlfe ipolecular 
proportions of aqueous vapour, the thermal value of wood 
as a fuel is not high. Direct tests have shown that i lb. of 
air-driied wood on the average will only evaporate 4 to ^ lbs. 
of wafer. Qwing to the low percentage (under i per cent J 
of minera^matter present in wood, however, after dry dis- 
tillation has removed the water and other volatile constitu- 
ent?, it is one of the purest forms of carbon, and wooi- 
charcoal, as the pi;odyct is called, has an evaporating 
'efiicie«cy*more than double that of the wood from which 
it is derived. The cost is, however, prohibitive of its use 
as a mel on a large scc 3 «. 
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Peat, 

real is formed from plants ^and shrubs which find their 
^liaoitat m swampy districtf^, iincjer coijditions fwhj^ j)ro- 
duce decay »in the ateence ,x)f oxygen or air — i.e., under 
water. ' i , 

Owing to the peculiar conditions under which peat is 
formed, the amount of water and ash which it contains i? 
always high,^ ana these two constituents on an a\^age 
amount to more than three-fourths of its composilnon by 
•weight. Thq following ahi approximate analyses eff typical 
samples of pea<. : — • ® 



1 j •. 

Irish Peat English Peat. Sqplch Peat. 

Air-dried. 1 ^-dne.l. Air-dned. 

Moisture . 

Ash . 0 . . 

Coke .... 
Volatile matter . 
Fixed carbon . 

# 

Per ten'. t.' I*er leii . 1 Pei tent. 

*' 21 -Oct 2()-36 20- ly 

2 Q 1 r3o\ 2-a 

27-yo|on dry 33'0()[on dry • 3V4 [on dry 

72-10 j sample 65-()0 1 sample j 00 0 1 sample 

23-o()j 3 

' 1 tk 


Air-dried peat still retains from 20 per cent, to 30 per 
pent, of water, and on this account its value as a fuel il vei^ 
lo\v. By ^rhechanical and . chemical treatment this water 
can be reduced by one half, and peat in this state then 
becomes a fuel comparable in appearance and evaporative 
\talue to bituminous fuel. * 

It is probable that as the coal-fields of this and other 
tountliies become exhausted, the immense reserves of peat 
wlv.ch exist in nearly all countries will be drawn* upon, and 
that by modifications of processes now in use, supplies of 
peat-coke atid peat-fuel will be made available dor industrial 
and ‘household use. 

Ligni'*'e or Brown Coal. 

Lignite is a natural fuel intermediate between peat ana 
bituijiinous coal in age and appearance. ® 

* Lignite is formed by the gradual decay of shrubs#. and 
trees under conditions which have'^excluded airland oxida- 
tion, but have diffeitd materially 5 rom those whic^f have 
obtained in the formation of peat. The percentage of 
water present in freshly won lignit^% however high-svary- 
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ing from 40 pgr cent, to jef per .cent. — and even after air- 
drying, 20 per cent, of water is st^ll present^n tlffe fuel. 
The ash contents vary front Sper cent, to 10 per cent, whije 
i\it 9 h*bon present rang'es fronpyo per egnt. Jo 80 per cent. 
Though lignite is not used tc? any great extent as a fuel in 
.this country, its evaporative* value is fairly high. When 
the dcpf)sits of lignite lie clos*l' to the works whera they 
can be used, and the cost of cutting^and transport are 
loN\^ this fuel can compete in price and efhinency with the 
more generally used bituminous, coal, and there are many 
works in Germany using lignite alone foi* steam-raising 
piirposes. 


Bituminous Coal. 

• 

^ This is the type oj fuel employed most generally oh land 
for tiring boilers, since it is *nuch cheaper than the anthra- 
cite and semi-anthracite fuels, anfl wh*en burned* under 
scientilic conditions, can be used so as to produce liigh’ 
efliciency and little smoke. The following are analyses ^ of 
a typical bituminous fuel from the Lancashire district ; 
biif all fuels containing over 20 per cent, of \'olatile mjLttei* 
come under tliis classification. 


APPROXIMATE ANALYSIS OF DRY FUEL. 


Volalilc matter . 
Fixed carbon . 

ASh 

Per cent. 

2910 

58 -041 -90 per 

12 86/ cent coke. 

100-00 

« 

Moisture. 

3-05 


Ei.ementaky Analysis. 

Per cent. 

Carbon 


. 72-66 

Hydrogen •. 


. 479 

. Oxygen 


7 -2tP 

•Sulphur 


. 1-64 

Nitro^n 


. 0-71 

Asb^ . 


. 12-86 

99-88 


The calculated cnlortfic value of this fuel was in round 
numUers 7,000 lb. -centigrade thermal units, eijuivalent to 

^ From test? j;nadc by Br. Hctlirington. 
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12, 600 British thermal units. ^ is inter^tipg to note 
yiat it contained 3 89 per cent, of nydrogen over and above 
tkat' required to combine wi/h*‘lhe 7-28 per ceivt. oLfree 
oxygen present in# the coal'; while I4’5d per cent. In tfie 
carbon was presrnt in "some^ form which yielded volatile 
hydro-carbons on heating. Although much ha^ been, 
written upon the subject of coal, the exact constitution 
and state of the various chemical elements before heating 
are still unkno\Vn ; and it is an undecided point as to wheTher 
jjhe oxygen and hydrogen and volatile portions of the carbon 
are .present in co^ll in the free or combined state. 

Approximate analyses of other bituminous fuels, with 
their ^calculated calorific values in lb. -centigrade units, are 
givef. bejow : — ^ 


No. 


Volatile , 
j Matter. 

1 

Coke. 

c 

Calculated 
Calorific Value. 

( 

Per cent. 

Per c -nt. 

Per cent. 


I 

12-45 

27-90 

72-10 ' 

7.565 

2 

13-80 

31-00 

69 00 

7.347 

r * 3 

6-20 

33 30 

66-70 

8-041 


775 

34-00 

66-00 

7-764 » 

5 

650 

• 

' t 

3tv50 

r 

63-50 

7-703 


‘All the a< 30 ve tests were made on samples dried at 
230° F., ancl the low percentages of ash contained in samples 
Nos. 3, 4 and 5, were due to these being washed slacks of 
exceptional cleanliness. « 

When the percentage of volatile matter, yielded by* a 
fuel on •heating, rises above 35 per cent., the fuel is exceed- 
cngly difficult to bum without smoke production. The 
percentage of volatile matter given off by a fuel is in reality 
a measure of the difficulty of burning it under the boilers, 
with •perfect combustion of its component parts. Bitu- 
m^ous coals containing over 36 per cent, of volatile matter 
are Icnown as “ canncl ” coals, and are used chiefly for gas- 
imaking purposes. All bituminous fuels require (ireful 
management and large brick-lined combustion chambers, 
if^they are to be burned without smoke. 

*The length of flame produced by bituminous coals ide- 
pends upon the percentage of vola^le matter, apd this in 
its turn depends upon the amount of hydrogen con- 
tain over arid above that required to form water with the 
oxygen present in th§ coal. 

8 



This sur^lui hydrogen^ccrnibin^is with the carbon to form 
methane (CH4), ethylene ,(C2H4), and acetykne (t2H2)~ 
t^re^hydro-carbpn ga^s which yield carbon 4iioxid(^ aid 
aqueous vapour when biirnQd*under p^-feci conditions of 
combyst^on. When the air*suppiy or tfce temperature is 
•insufficient, partial oxidation, only occurs, and a portion 
of the carbon of these gases separates in the form ol soot.^ 
Th^ percentage of surplus hydrogen is^ therefore, another 
measure of the difficulty of burning bituminous fuel. This 
difficuPty increases with the eajie and rapidity with whic^i 
these Tiydro-carbon gases are evolved .by the fuel on 
Beating. , 

Nearly all bituiftinoiis fuels contain sulphur in the form 
*?)f iron sulphide (FeS^) as an impurity. The percefitage 
of iron sulphide, o» “ brasses,” varies greatly in different 
classes of this fuel. On floating, Jialf, of the suljihur is 
liberaifed and burns with evolution of heat to, form sul-* 
phurous acid* gas (SO 2), which sooner or later condenses fti 
• the form of sulphuric acid (H2SO4). It is this compound, 
ai^ not the carbon or soot, which produces the larger p^rt 
of the destruction of vegetation and of buildings ii ^e 
neighbourhood of industrial districts and of l^rge cities. 
^Re(f;nt calculations^ have been made to show that in 
London oyer 500,000 tons of sulphuric acid •are produced 
annually by the sulphur impurity contained in the voal 
burned in the metropolitan area. A similar calculation 
for the coal burned annually ih the whole of the United 
Kvingdom gives 5,000,000 to 7,500,000 tons of acid. The 
use of lime has been advised for fixation of this sidphur.in 
the form of calcium sulphate in the ash of the fuel, ^ut a 
a far more certain and safer method would l^e to pass the* 
products of combustion through scrubbing toners filled 
•with flints. The sulphur contained in the exit-ga^ could 
then be -recovered in the form of a valuable by-prodjict, 
namely hypo-sulphite of lime or soda. As already stated, 
it is the suiphur, and not the more visible soot »nd smok^ 
which iSi^he chief cause of the damage effected by smoke. 
The carbon blackens; but the sulphur corrodes* metal, 
destroys brick and stone, and kills vegetation. Any pract 
tical meihod whioh would remove the sulphur from coal, 
or its products from the waste gases, deserves, therefore, 

^ Dr. Rideal at Londoif Smoke Abatenient Conference Dec. 1905. 

Q 



f^UEL, WATER ^ND G^S ANALYS.IS^ 

t « 

most careful consideration team-user% ^Until such 
ijiethod hasfbeen generally adopted the sulphur contents 
of cflal ought always to be kept*as low as possibly b;^are- 
ful picking of«the ifuel and femoval of the veins of pyrifes 
or “ coal brasses^’ In large purchases of fuel by contract, 
a clause ought to be added with respect to the afhount of. 
this ifnpurity, and no coal should be accepted containing 
over one and a qin^rtcr per cent, of sulphur. 

Semi-Antiikacite or Steam-Coal. 

(ft 

Fuels which when heated yield from lo per cent, to 20 
per cent, of volatile matter are knpwn as semi-anthracite 
or stftam-coals. They arc very largely used for 'steam- 
raisirtg purposes in the Royal Navy, aad by factories located* 
in cities where smoke prosecutions give frequent. Ap- 
proxirnate analyses of ^ typical* semi-anthracites are given 
below : — , * 


No. 

1 •. 

% « 

Ash. 

Vol.itilo 

Matter. 

Coke. 

Calculated 
Calorific Value 
ill Centigrade 
Cults. * 

.1 

IVr/^cnt. 

14-95 

Per.2cnl. 

JO-UU 

Per cent. 
QO-OO 

7.40? 

I 

15-^5 

lOCX) 

1 1 -So 

88 20 

.. 7.398 

3 

1 2 50 

87-50 

7.«55 

4 

10-75 

1 3 •()() 

86-40 

7.783 

5 

8-85 

I 5 -40 

84-50 

7.950 




.Fuels, of this type can be burned without smoke produc- 
tion in diost types of boiler-furnace, and they do not require 
large* combustion chambers or very skilled management in 
order to obtjin perfect combustion. As shown by the 
approximate analyses, the greater portion of the fuel^ 
remains as an incandescent mass of coke after the pre- 
lim^nSLry heating upon the fire-bars of the furnace,, and 
mdiation transfers the heat from this mass of gjowinf fuel 
to the water in the boiler. 

Anthracite. 

Anthracite is the nearest approach to coke in#chemical 
constitution which is found naturalfy, tut it diff?‘rs /rom 
coke in its ‘physical properties, being very dense and of 
shining appearance, .^thfacite giySs off only from ^ to 

IQ 
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10 per ce^t.^of volatile y!attcr, when heated, and consists 
chiefly of fixed carbon,^ with littk oxygen (4* hyefrogen. 

The following is an af)pjoximate analysis ^of a Wpjfal 
Soul'h \^ales anThracife fuel 

f 

Ash. Viihitilc matter. Col^. C.ilorific value. * 

I70^r«:cnt. 3 04 ])cr cent? oO ^f) per cent. 

Anthracites are diflicult to Ignite, owing to tluir density 
and low percentage of volatile inattei"*; but under propef 
cdTiditions this type of fuel can be burned’completely, and 
yields* a very intense but localized heat. Anthracite is 
chicfl3;i used in metallurgical operations, and*is not employed 
•to any great extent for steam-raising purposes ; but when 
so employed no «omb*ustion chamVr is required, and the 
• •boiler surface may l^e placed close to the mass of biirning 
.fuel. 


PeTROLKILM and its I-)V-PKt)DUCTS. 

Although liquid fuel^ have little application in the United 
Kingdom, owing to the limited sujqfly available for indus- 
trial purposes, in Russia and the Ihiited States they ^are 
Largely used for heating and st(‘am-raising purposes, ^'ryde 
petroleum contains a large number of liquid hydro-carbons 
of 4he general formula C„H:.n + * and it is th^ crude oil or 
the residues obtained in niining it, that is ifted for st^ilm- 
raising purposes. In Russia especially, the *residue from 
the first distillation of the crude oil, called “ astalki,'^ is 
utilized also most entirely in tfcis waiy. . 

* The following tests ' show^ the difference in composition 
and heating value of the Russian and American oils 

•- 

' Calorific 

Percent. Per cent, i Per *001. Value. * 
Ca bo.i. Hvcl''ogon.; Ox ,B.Th. Units. 


•10 22,628 

I -I 

1-2 ig,2(K> 

1-4 • I9,222^• 

•5 21,240 


'when burnt in suitable furnaces with proper provision 
for thct^supply of*thtf* oil in the form of a spray j petroleum 
is. s*uperior to ordinary coal as a fuel, and haj 33 per cent 


Russian crude li/?bt 
^ „ heavy 

,f astatki . 
Pennsylvaifia crude 
West Viiginia crude 


86-3 

1 3 ()0 

86 -i; 


87 i 

n -7 

840 

137 

86-6 

12-9 


^ The Calorific Powef of F^els, H. Poole. * 
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higher evaporative value than 'ajjthracite. ^c^ual tests 
haye giv*en ain'evaporation of 20-8 lbs. of water per lb. of 
petcolhim. Liquid fuel is easily trpsported and^ stored; 
yields no ashei^ on*coinbusttoij ; and wqi^c the supply of 
crude oil sufficient# tliere* is little doubt that it would be 
very largely used for steam-raising purposes in tttis* and 
pther dountries. Under present conditions, however, the 
price of petroleum i«> too liigh to enable it to compete with 
coal as a fuel. ‘ * 


Artificial Fuels. 

Gas-Coke and Coke-oven Coke . — These two forms of fuel 
are oljfained by submitting bituminous fuels to dry»-ciistil- 
lation-s-tl!at is by heating in closed reforts or ovens in the 
absence of air. The moisture^ and volatile constituents 
vf the cflal arc driven of&, and only the carbon, ash, and im- 
purities refnain as a solid residue in the retorts or ovens. 
Gas-coke is the residue obtained in the manufacture of coal- 
gas, and here the quality of the coke is of secondary im- 
p^rVance to that of the gas. The coke produced from cokc- 
ov?ns on the other hand, is the chief product of the coking 
process, beihg*designed for use in the iron smelting indusy*y, 
and ,in many cases the gases from coke ovens are allowed 
to escape inK) the atmosphere. 

The use of coke for steam-raising purposes is very limited, 
since its price is comparath^ly high ; but it is sometimes 
purchased and mixed with bituminous fuel, to lessen th», 
trouble from smoke in very heavily worked boiler plants. 
Cpke cart be burned completely without any combustion 
chamber. ' 

The followiljg is an approximate analysis of a typical 
coke r 

Ash. Volatile matter. Coke. Calorific value. 

i8-8j p8r cent. i-yo per cent. 9810 per cent. ^ 

,©wing to'the loss of the volatile constituents qf the fuel, 
the percentage of ash in coke is always higher thaij that of 
the^ original fuel. 

• Coke contains as a rule from 5*0 per cent, up lo 10 o ptr 
cent, of moisture, owing to its absopbept properties and 
to the fact that on drawing from the retorts or ovAis it is 
'often quench*ed with water. 

Coke re^fiins also a lafge portion ot the sulphur impurity 
12 
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of the origjna^ fuel, and ft:*is ncjj; therefore a very suitable 
fuel for use in towns or Sties for the reasons i^lre^idy given 
under Bituminous Fuel, • , ^ * 

*Pcat-(fokc . — This art*ificial Kiel is obiiain^d by the dry- 
distillation of peat in retort-'r of spfeial d(jf^ign, after a large • 
.portic?nt)f the original water contents of the peat hav(‘ been 
removed by mechanical mefliods. Ths following •is an 
analysis of a pcat-coke prepared by an electrical method : — * 

I’cr cent. 

Moisture . . . i 7 # 5 ‘> 

Ash .... i8-{)o 

Volatile null ter . . 57^0 

Coke . . . 42-40 

Tixcd Carbon* . . 24 40 

This test must not be taken as represen t at i\'e ol jieat- 
coke generally howeter, i^s it is jaissible by scit'nlihc 
metlu^ds to obtain a much Iowct percetit.ige of moisture, 
and of volatile mattiT in the finished product. * The ask- 
test in this cast‘ has also been increased by the unwise 
addition of chemicals to promote (dectrical conducti\ity. 

^ sample of peat-coke from Argyleshire contained^ only 
6*50 per cent, moisture and 270 jier cent, ash ; while Nor- 
• we^an pcat-coke contained 4‘tfe per cent, mdistiire and 
3*00 per cent. ash. 

Althougli peat-coke has not so far been ntanufactured 
upon a large scal(% it is now being produced at several 
small w'orks in Norway, Canii^a, Ireland, Germany, and 
•cither peat -producing countries. When the coal-fields of 
Europe and America are exhausted, peat-coke is likely 
to play an important role in the maintenance of th^ world’^ 
industries. Owing to its low percentage of volatile nfatter,^ 
and freedom from sulphur, peat-coke is a fa/ more perfect 
fuel for household and industrial use than ordinary £oal. 

Briqucttc-Fuek. — Briquette-fuels are made chiefly from 
semi-anthracite and anthracite coal, by mixing th? dust 
andihne c^al obtained in the course of mining an4 screeniy^ 
with tar or other binding materials, and by moulding the 
mixture^into bricks, in specially designed presses. The 
r«Bulting briquettes bum slowly with evolution of little 
smoke, %nd find a largg use in Germany and other European 
coujitries for dom*cstic purposes. The following shows the 
composition of such a briquette-fuel made from German 
peat 


|pii the dried sainjile. 
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Mf»isture 
Ash . * 

Coke I 

Volatile iTfattei 
Fixed Carbon 


• •Per cent. 

. M078 
7 - 35 ] 

• * ! 63 50 1 sanfple. 

*. 29-15] 


As the cost of briquette-fuel delivered in manufacturing 
districts is higher tlAin that of coal, it is little used for indus- 
trial and steam-raising purposes. * 

Gaseous-Fuel . — There artj many engineers who believe 
tnat the power apd heat required by our industries* in the 
future will be obtaineej from gaseous-fuel. Some of th^ 
advantages of this form of fuel have already been mentioned. 
Otheiis ^ye, that with slight modilicaj ions in the gas-pro-* 
ducing' apparatus, the gas obtained ca^ Ix' used either for 
heating or for power i)urposi‘S. • Largi* gas-engines — driven 
•by producer gas (obtained from ordinary bituminous, slack 
c6sting only 6s. per ton^d.d.) have now been running 
satisfactorily for some 3 ^ears in (iermany, in America, and 
in^the United Kingdom ; and as one h.p. can be obtained 
from|One lb. of coal by this metliod, the advantage ov^er 
the present methods of power-gcmeration are undoubted. 
Even with* the existing poVer jdants — consisting of steiim- * 
bdilcrs and reciprocating or turbine-engines — ther^ is much 
to be said fot heating by gas ; and in many works the instal- 
hi^ion of a large gas-producer plant would lead to fuel 
economy, and incidentally tlso solve the smoke problem. 

Producer-gas varies in composition with the t^^pe of pref-' 
ducer used, the method of working, and with the composi- 
tion of *the fuel consumed. Wlien steam is used in the 
.workmg of producers, a mixture of ordinary producer-gas 
and water^gaslis obtaint^d. Carbon monoxide and hydrogen 
are th® essential lieating constituents of producer-gas, and , 
upon the percentage of these constituent.^ present in the 
gas,* ife thermal value depends. • 

^ The earlier forms of gas-producers could only J^e worked 
satisfactorily with semi-anthracite and anthracite fuel. 
Modenv producers and methods of working permit the 
^e'apest forms of bituminous slack and of other low-grade 
fuels to be -employed with satisfact^y Results. iThe am- 
monia recovered in the form of sulphate as a by-pit)du«t is 


> J^re-rfar price. 
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also of considerable" vaThe., .The foll(?wing is the composition 
of gas fron^a ♦ypical Moid-gas {Slant, using cl^ap fMel : — 


■ 1 

1 

1 

No. !. 

• • 

No. 2. 


Per Celt. 

Per cent. 

CO2 (carbon dioxide) 

103 

lO-o 

CO (Carbon mono.xidc) . . . • . ' 

10 2 

I 1*0 

CH^ (Methane) j 

.-•5 

2-() 

H ^(Hydrogen) 

2O 4 • 

2 () 0 

N (Nitrogen) 1 

446 

42-0 

• 1 

1 

lOO-O • 

100-0 


No. 2 gas has n heating value of 140 B.Th. ^.hiits 
cubic foot, and amtains 84 per cent, of the 4 h,efmal 
value of the original fuel. In the writer’s opinion the 
transition from steam-engiifes to gas-ei\gines for power- 
generation, will be marked by an intermediate .stage, in 
which gaseou€ fuel will be employed for steam-raising 
purposes. 



CHAlTER II 

Fuel Sampling and the Preliminary Test* 
for Moisture. 

I T is a truism to remark tliat tlie sam])ling of any coni' 
^nercial product is quite as inlporkml as the analysis 
of the sample obtained, .and tliat if t]i(‘ sample be badlij^ 
taken, and tberefor(‘ not representative' of the bulk, from 
the commercial standpoint t^e resufts are valueless. It 
is necessary howeVer to repeat this caution and to einphasize 
i»L when writing upon the subject of coal vahKj,ti()n, for some 
part of the suspicion with whicli the new system is regarded 
by colliery proprietors and engineers, is attributable to’ 
the , faulty and slipshod mctln)ds of sampling that Ifave 
been adopted in the past, and to the unfair valuation of 
the fuel, which has been •based on the test-results obtained 
ifi*these cast's. 

The sampling of a loo or 1,000 ton delivery of (foal requires 
to be carefully carried out by a properly trained man, in 
accordance with certain definite rules. The widely prev- 
alent idea that any man armed with a shovel and plenty*<?f 
muscle can be entrusted with the sampling of fuel, must 
ihe eradicated before much progress along the lines of 
scientific fuel valuation can be made. 

The objection urged against employing properly trained 
and skilled men f of sampling coal is of course that of expense. 
If the thing is to be done at all, howeves, it must be well 
do^i^— and the saving effected by employing unskilled 
labour f (jr sampling coal, when compareci to the* total 
price to be paid for the whole bulk of the fuel delivered, 
is so small that it is hardly worth consideration* 
’Naturally there comes a point in the purchase of fuel 
when’ the iost of sampling and testing is too heavy in 
relation to the value of the fuel bought, to render the system 
economical* or practical. Every Fuel Contract for over 
100 tons! however, is weighted with* sufficient profit ejther 

16 • 
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for the coi^unfer, middlefhan or« colliery owner, to pay for 
sampling and testing on right lines— and if tile cost of tlio 
sampling pe divided between all three parties to t^ie ronfVact. 
thh burden is negligible!’ 

A skilled and trained sampler witli twocu* three unskilled 
.labourers, and proper equipment, can control the regular 
sampling of i,ooo tons of fuel per day. and if necessary*could 
look after the interests of two or time piy-chasers at the 
sam^ coal-tip or yard. 'I'he man seletdedas head sampler, 
howevor, must be well paid, for yie work is of great import^ 
ance aifd demands a high degree of intelligc nc(‘. Prcth's- 
sienal samplers also have more ne^d of strong cl;aracter 
and moral backbone} than the ordinary man, since attfcinpts 

bribe them to betr^^ their employers’ interests aJ'c f>ften 
made by unscrupuloijs parties. An honest and trustworthy 
sampler is therefore well wi)rth his wages and should be 
treasured by his employers when once found. 

After these. introductory remarks upon tlu' importancTi 
^of the “ Sampler " himself in the inauguration of more scien 
tific methods of coal valuation, the methods of samplirjg 
maf now be discussed in some detail. 

Methods of Sampling Coal in 

The fundamental principle or aim of sampling is .tl* 
obtain a Very small portion of the coal whidi sliall be 
truly representative of the original wagon, car, tnuk, 
load or heap of fuel. This relationship can only be secured 
by. the exercise of great judgment and can; in the sampling 
work, and there arc three conditions which must be observed 
in order to obtain a fair sample of a heap of fuel, containing, 
both large* and small lumps. 

1. The original sample taken must be large enough to 
represciit all portions of the bulk, and a fair proportion 
tfetween large and smalls must be maintained. 

2 . '^is original sample must be reduced by repAtf;d 
crushiiigs, mixings, and quarterings to the comj^ratively 
small quantfty required for the actual test. 

3- In oi^er to continue the crushings and quarterings 
up ^ the required degree of fineness, it is necessary to dry 
the coal a^some intermediate stage of the sampling opera- 
tions. A^wet or daftip Sample of fuel cannot be ground to 
pass through a 6o-mesh sieve, which is that used for the 
final stage of fuel sam{)ling. 

17 
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Condition i. When coaUs safn{)led atthe Jac^of theseaiti 
in the hiine,ca comparatively smaJl amount, one pound, 
will^be su^cient to represent iSie bulk. Samples taken in 
this way, however, are always more free from ash* ancf 5dfeld 
a higher calorific value, ‘‘ than' samples taken from the same 
coal as shipped by rail or wafer— since in the act f)f®mining 
the cbal, some portion of th^ shale and clay that accompanies 
the coal-seam^ is brought away with it and is sent up to 
the pit-head with the good fuel. ° 

^ Samples and tests of fyel supplied by the colli(^y com- 
panies are thirefore always rather better than tho«e of the 
buyers, and if coal is bought on the strcngih of such teats, 
due allowance must be made for this difference. . 

Whep coal is shipped in wagons or barges, and samples 
have to be collected from these, a much larger sample, vary- 
ing from 600 to 1,500 pounds, will fee required. It must 
also be fememb^red that the jolting of a railway- truck, or 
tof a horsed-wagon over bad roads, will send the small coal 
and dust to the bottom. In a barge, on the other hand, 
the finer coal and smalls are found most generally in the 
centre of the cone-shaped pile or heap of fuel, an A the 
farge lumps are found round the base of the conical heap 
that acchmulates under*^each hatch. p 

tin neither case therefore of rail or water transit, can a 
fair samplfe be obtained by merely taking a shovelful from 
various parts of the top of the wagon, or outside of the 
heap— and only on discharge of the fuel can a fair sample 
be obtained. 

G. Pope, in one of the excellent U.S.A. Bureau of Mines 
; Bulletins (No. 63) on the Sampling of Coal Deliveries, gives 
the^ following directions concerning the collection of these 
large giy)ss samples of fuel 

c 

“ When coal is being unloaded from wagon|, railroad cars, shi^, 
OP barges, a shovel or a specially designed tool may be used for taking 
portions or increments of 10 to 30 pounds to make up the grosS sample 
of coal. As the size of the increments should be gpverne?! by the 
size and weight of the largest pieces of coal and impurities, incre- 
mentjof more than 30 pounds may be required for cofls containing 
large pieces of coal and impurities. 

“ The portions shall be regularly and systematically collecteli^ so 
that the^iltire quantity sam^ed will berjep^esented priaportionately 
in the gross sample. The inteival at which the portions are Mllected 
should be ifegulated so that the gross sample collected will weigh 
not le89 than approximately i,ooo pounds. If the coal contains an 
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anusual pr(^rtion of impiJHties, sych as slate, bony coal, and 
pyrites, ancrif !he pieces o# such impurities are veiy lar^, it wjll 
Se necessary to collect gross sijmples of even 1,500 poynds orfnore, 
but ^r sla^k coal ayd for ^all sfzjs of anthracite, if the impurities 
aA not in abnormal proportion (y in pieces laf^er tnan about three- 
quarters of an inch, and if the^mpuritics ar® evenly distributed 
througtio'.it the coal, a gross sample of approximately 600 pounds 
•may prove sufficient. The gross sfiinple should contain the same 
proportion of lump coal, fine coal, and impurities as the coal delivered. 
As the portions are collected they should be deposited in a recep- 
tacle having a tight-fitting lid provided with a lock. 

“ A gfoss sample may be taken ly hand from ^oal delivered by 
wagon qjt a Government building and should consist of shovelfuls 
of coal taken from every first, second, or third wagon-load as it is 
bttng discharged, the nnryber of shoveffuls taken and the loads 
sampled* being dependent on the number of loads wffiich th? gross 
jSymple is to represent. Jf the coal is discjiarged immedicftt'ly into 
a crusher, it is preferable to collect shovelliils oi the crushed coal. 

“ Samples taken froifl railroad cars should not be limited to a 
few shovelfuls of coal procured ?rom the top of<ti car, for thf size of 
the coal and the proportion of foreign matter may vary from the top 
to the bottom oif the car. The only way to obtain a representative 
sample is to take a number of shovelfuls or portions of coal from 
•different points in a car, from top to bottom and from end to end, whye 
the coal is being unloaded. 

"In sampling cargoes, as in sampling car-loads, portions ol coM 
should be taken in equal quantities ^nd at IrequenJ mid regular 
inter^ls so as to represent proportionate })arts ol the consignment 
as awiole, either lyhile the coal is being loaded or unladed. TliH'ro 
is no assuranee that a sample or a series of samjdes taRcn from the 
top of the cargo represents the cargo as a whole ; in fact, it is very 
doubtful if such samples are ever representative." 

Condition 2, This condition concerns the crushing, mixing 
afid reduction to smaller bulk of the gross samplf, and 
these operations may be either carried out by hand, or byi 
crushing and mixing machinery. Where a large number 
of samples have to be dealt with, some form 0^ mechanical 
crusher is essential. • 

• In small works ^nd boiler-houses where no mechanically 
operated crusher is available, however, the follo^ifig 
mclhc^ is recommended : — 

• 

" At the end of the day, or period for which the sampling is to be, 
carried on, ^he heap of fuel obtained for sampling purpd^es, as 
described above, is transferred to a sampling plate, and the larger 
lum{ 5 s are all crushed down to walnut size. Should yo sampling 
plate be available, four oiPthe iron plates used for covering man- 
holes gmd boiler-flues may be utilized to obtain a hard ylean surface 
on the floor of the boiler house, and the crushing down of tjie sample 
Taaav be carried out on thete plates, with ai^ heavy and fl%t lump of 
• • 19 
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iron at hand. The heap of fue^/ after this first^, crushing, is 
thoroughly mpced by turning over add over witn a spade. The 
H^eapois then^flattened down, two liaes are made across it at right 
angles with the edge of the sgahe, and two ©f the foar opjj)0|^te 
sections arc seletted lo forn? the reduced sample. The lumps in this 
are again crushed, r the sample i% again mixed and the quartering 
operation repeated, until about 8 or lo pounds of fuel oifiy remain,, 
with Ao lumps that will not J)as.s through a ]--inch sieve. Two 
2 -lb. tins, with patent lids, arc filled from this remaining heap of 
fuel, after thorohghly mixing the same with the hands or^with 
a small shovel.” 


Pope, in the Bulletin already quoted, suggests the follow- 
ing scheme of crushing for samples treated by hand 



Size to which coal and ® ^ 

Weight of sami le to be divided. 

e 

i : purities should be broken 
» before each division. 

r 

p,ooo pounds or more 

I inch 

500 ,, 

250 „ 


fI 25 

1 .. 





^ As regardf; mechanical crushers, the small crushin§-mill 
illustrated in Fig. i is designed for samples containing lumps 



FIG. I.— SMALL GRINDING MILL FOR CRUSHING COAL SAMPLES® 

‘ Hr c • 

ap to 2-in(^ cube, and has been found quite satisfactory in 
practicaj use. It can be operated either bv hand or by 
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electricity,# and will crufh and ^nd the coal doirn to a 
fineness of one-sixteenth of^an inch without dfticulty. , The 
s^aqf between the low^ edges of the two grindin" cones 
can be adjusted to the degiee of.finenSss required. This 
mill, however, is not adapted for dealing with samples of 
• more than 28 lbs. weight, ajjd for larger quantitu's the 
automatic sampler and crusher brought out by the Sturte- 
vant Engineering Company may be recommended. This 
cruder is illustrated in Fig. 2. 

The coal in this case is fed dnto the hopper in 3-inch 



FIG. 2. — STURTEVANT AUTOMATIC COAL CRUSHER AND SAMPfifiR. 

• 

pieces, it is here nipped by the top crushing members, and 
is subjected to gradual reduction until dischSrged at the 
periphery below. A sample spout is placed opposite the 
(uscharge opening, and is arranged to remove 5, or 
15 pen cent, of the product as the case may demand. Tne 
sample thus^ secured is stated to be exactly representative 
of the whole, including the correct proportions of coarse 
and fine, llalte, pyrites, or other impurities that fqjJ 
intopthe machine. This machine is very simple, massive 
and compact in construction, and is sufficiently strong 
to crush shale, riate,*and in fact all the impurities that occur 
in cod. The machine can be instantly adjusted for fine or 
coar^p work while in o^sration, bj' singly turning tjie hand- 
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wheel^or example, it m^y be soi as fine *5 f inch or as 
cdaras as flinch, and delivers a uniform product. 

The final sample of fuel .^fter the operations desciib§d 
^ above, should amount t#> about 8 lbs. in weight, and must 
contain no lumps*'that will not pass through a J-inj?h*sieve. 
It is well mixed with a smell shovel or scoop, and three' 
*2 lb. tins with patent lids are then filled from it. These 
form the Laboratory samples and must be kept in a ^ool 
dark place until opened for examination and test. Each 
Sample tin shcfuld bear a label giving full particij,lars of 
the date of sampling, the origin of the fuel, and any other 
information regarding ft that may be necessary for proper 
iden^fication of the sample and test. *In cases where a 
large number of samples are being dealt with at one an&® 
the same time, considerable care is necessary to prevent 
, confusion of the camples, and* the use of written labels is 
a^l the liiore urgent. For testing purposes the samples 
may be marked simply A, B, C, etc —if the original sample 
tins bear corresponding letters, in addition to the full details 

«pftthe fuel and date of sampling. ^ 

0 * 

Preparing the 2 lb. Sample for the Laboratory Tests. 

* The 2 lb. samples of fuel, when opened in the laboratory, 
are first parsed through a one-twelfth inch mesl^, sieve, and 
the portion of the sample that remains on this sieve is 
ground down to a finer state of subdivision, by aid of a 
N< 5 . 3 Kenrick Mill (Fig. •3). 
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If the fi]#‘l very wef hr if Jthe sample contains many 
pieces of shale, this mofe direct method of prepafing the 
samgle n:;ust be modified. • Tihe excessive moisture cai iJe 
removed by sprea*ding out tli^ Whole of Uie ^mple on three 
or fouj thicknesses of newspaper, alid by leaving it exposed 
•to the afr for several hours in a warm corner of the labora- 
tory. Very wet samples should have the uppermost* sheet 
of paper removed two or three times, as newspaper, being 
ungfazed, is very absorbent, and takes up much of the 
moisture from the fuel. It is plso well to mix and turn 
over tlfti fuel several times during this air-8rying. * 
•As regards the larger lumps of sl^ale in the 2 lb. sample, 
these should be pioked but and crushed in the steel mortar 
'•tCsed for the final grinding of the sample, since ^f ihese 
lumps are very harc^ they may break the grinding teeth of 
the mill, or may become jaiimed in the same. Care must 
be taken that none of the pieces of shale ^re lost cjui^ng the# 
breaking down in the steel mortar, for shale poss(\sses no 
heating value and the proportion of it present in the final 
sample has considerable influence upon the value of the 
fuef. For this reason the steel mortar and grinding nailf 
should be covered with a perforated card when usea fbr 
cru^iing shale' — since the harder the lumps* ^he greater 
is the tendency for pieces to jump out and be lost. , • 

After this preliminary crushing in the mortar, the whole 
of the shale must be passed through the Kenrick mill, and 
the ground material added to th^ general body of the sanyle 
which will now occupy double the volume of the original 
sample, and in appearance will resemble a heap of coarse 
black gunpowder. # 

The sample is now thoroughly mixed by transferring it^ 
to a large tin or zinc funnel with the outlet stopped up by* 
a cork (Fig. 4). On withdrawing the cork and avowing 
the crushed sample to run through the opening on to a 
sheets of paper, moving the outlet of the funnel slowly tofind 
and ft)und the apex of the cone-shaped heap wjiich forms 
below it^a very thorough mixture is obtained with a mini* 
mutn expenditure of time ancj trouble, and the creation of 
lit^e nuisance from dust. • 

The heap is then flattened out and quartered as already 
desejibed^and another mixing of the two quarters selected 
to form the reduced sample is carried out with the aid of 
th^ mixing funnel, if^the manner ^escribed above. This 
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operation is repeated again and* again, un^l tnly about 
i ^Ib. of ‘fuel remains. This is now divided into ,two equal 
portions, one of these being usedfdr t^e apprpximate.test^^d 
the other being, reserved in cf slippered bottle until the test 
is completed, in oase of any njishap or mistake in jajrying 
out the examination of the first portion of the sample. 

^ The'final outcome of all tliese operations is, that one has 
obtained two small ’portions in a finely divided state, which 
are quite representative of the whole bulk of the fuel, 
bp it 10, 20, 50 or 100 ton,s, and that by further grinding 
and reduction of one of these 60 gram samples, d small 
portion of fuel weighing only one or two grams can 
obtained, which shall still be thoroughly representative of 
the original fuel. 



The ^ejected portions of the original 2 lb. sample which 
accumulate during its reduction to smaller bulk, are not 
, thrown away,, but are retained in the tin, in case of any 
accident to, 6r dispute with regard to the sample. 


Thf Laboratory Examination and Valuation of Fuel. 

^ ‘All coalecontains carbon, oxygen, hydrogen a^d nittogen 
with sulphur and certain incombustible mineral matters 
such ar iron-oxide, lime, and^ magnesia. These fwo latter 
pxides on combustion combine with the sulphur to prod^e 
their respective sulphates^ and forjji with the i{:on-oxid.e 
the ash of the fuel. Moisture is also present, evenpin piirie 
samples of ^uel'^hiefly however as a mechanically-held 
impmily.^ 
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The chemical examination of a^oal sample may tljereforc 
cover the determination of the percentages pfesent o^ the 
elem^^its and compounds enumerated above, in^which case 
the analysis is said to be an 'Elepentafy one— or it may 
cover tfie. determination of the percentage* of the products 
formed, ' when coal is heated pither in a closed crucible 
or in the presence of air. In the latter case the analysis 
is said to be an Approximate one. • 

For the purposes of the steam-user and boiler-engineer, 
the approximate " analysis is much the* more useful* 
since it indicates what proportion of the fuel will escape as 
a gas when it is first hepted— what proportion will remain 
as coke on the bars of the grate— and finally what»j)cr- 
eAitage of the total fuel is a mere impurity in the shape of 
ash, of no utility at *all for heating purposes. When the 
figures for the actual heating ralue of the fi\pl, as detcrpiined 
by a reliable calorimeter, are added to the results of th^ 
approximate analysis, the engineer is provided with all 
j:he information he can require concerning the character 

and value in /. s. d, of the fuel. 

• ^ 


The Preliminary Test for Moisture. 

If the 2 Tb. sample has been crushed and reduced to 
small bulk within 30 minutes without recourse to air-dry- 
ing, the moisture can be determined by heating 10 grams 
of. the reduced sample in a porcelain crucible, in a copper 
or aluminium air-bath, at 230° F. (110° C.) for two hours. 
A detailed description of the air-bath and of the method of 
carrying out the test is given in Chapter HI. on pp. 28, 29. 

In those cases where it has been impossible *to oarry to 
completion the repeated crushings and reductions of the 
sample, owing to^e wet state of the fuel, the sample is 
reduced so far as practicable by hand-crushing upon an iron 
plate, and a rough sample of 50 to 100 grams, according to' 
the bulk of tie original, is dried by heating in the air-bath 
for four-hoifrs at 110° C. The Ic^s in weight of this anftounj 
(iO(\4grams) of fuel gives the percentage of moisture direct, 
•but the results will not^be so accurate as those* obtained 
from the smaller and more finely-crushed sample, owing 
to the lact that wet coal cannot be thoroughly mfxed. For 
this lyason the moistui^ percentages in coal, whe^ above 
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6 per (jent., are always somewhat unreliabje-|and if any 

limit is plac!ld upon the moisture permitted in the deli- 
veries, dud allowance must, tfe made for this cause of 
error. ‘ - • • # ^ 

On the other hand, in hot,weather or climates, the coal 
is losing moisture during the whole sampling and'cfushing 
operation, and if this operation covers a long period of time, 
the final sampie wfll contain 2 or 3 per cent, less moisture 
than the coal delivered. 

• In those cajes, therefore, where the contract arranges for 
fines to be imposed for excessive moisture, it is rfcccssary 
to have special samples taken and rapidly crushed for Uie 
purpose of the moisture determination .• 

If tlfe conditions of storage for samples while they are 
being taken ar: good, that is if the grgss sample of the fuel 
can b^e kept so^as to preseive its moisture contents, a 
” grab "‘sample taken from this gross sample and rapidly 
crushed, will serve as the special moisture* sample of the 
fuel. The grab sample should be taken during the first 
, crushing of the gross saniple to pieces that will pass through* 
a* i^inch sieve. It is collected by aid of a scoop thaf will 
hold abopt^i lb. of the cgal, and is taken from every 30 lbs. 
pf the gross sample, as this is being shovelled into a conical 
pfle. As {Be scoopfuls are collected they should be placed 
in a receptacle which can be tightly closed, and when the 
whole is collected it will be found to amount to about 
40 lbs. « 

* It is immediately crushed so that no pieces are larger than 
i inoh. It is coned, flattened, quartered, and a small 

' por/.ion is taken from each of the four quarters, to form 
the special moisture sample, and placed at once in an air- 
tight tm. * 

The use of a mechanically-operated crushing and samp- 
Ipg machine, similar to that illustraLted«ki Fig. 2, of course 
minimizes the loss of moisture during the reducing operation, 
*and whftre great importance is attached to the moisture 
tests of the fuel, it is wise to instal one of these machines 
in o^er to avoid the sources of error that are Unavoidable 
with the slower method of hand-crushitig and quarteiing. 

In fac^, where fuel-sa^pipling an^ testing is bping carried 
out seriously on a large scale, some type of mechanically 
(^at^^rushing and reducing machine becomes an impera- 
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tive necessity, tnd an elaborate hiachine of ttiskind has 
beex*i designed and erected by the Chemists of the U.S.A* 
Buieki of Mines for sampling the^coil delivered to the State 
Penitentiaries at Atlanta and* Leavenworth. 



CHAPTER III, 

The 'Approximate Analysis of Fuel. 
TEsimc THE Fuel. 

T 'HE approximate .analysis of fuel covers the estimation 
, of the following constituents : — (.1) moisture; (2) ash 
(3) volatile matter, (4) coke. (5) fixed4;arbon and (6) sulphilit 
These will now be dealt with in the prder named. 

I. Moisture.^—Ten grams oi the fuel sample prepared as 
‘ already .directed* are weighed out upon a chemical balance 
heading to i milligram, and are heated for two hours at 



FIG. 5.— BAMLNCE AND^VEIiJHTS. « 


236® F. (rto® C.) in a copper or aluminium air-bath* The 
loss of Veight multiplied* by lo gives the percentage of 
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moisture iij the originar^s^mplq. A desiccator must be 
employed for cabling the sample before weighing, as perfectly 
dry fuel absorbs moisture f^oip the air and gains in wefght, 
eviftr#while being weighe*d dh the balanc^J. Jt saves time, 
however, if the crucible be alfowed Ito go i^arly cold in the 
air with •the lid on, before being placed in the desiccator. 
Cn no account must the crucibTe be placed on the balance 
pan and Weighed while still hot, as this will»give increased 
weighing!^* 

The crucible must be covered ^during heating in the air- 
bath and the lid only removed when weighing. 

Jhe balance shown in Fig. 5 is jnost suitable for fuel 
testing work ; it caj’ries* a load up to 50 grams and feads 
^errectly to i milligram. The weights should almys be 
placed in the left-hand pan, the fuel in the right. The sample 
of fuel should not be weighed out directly upon the pan, 
but in a tared porcelain crucible. (A No. Berlin. cAicible 
holds 10 grams of most fuels.) A lead counterpoise carf 
be made of sheet lead with little trouble, and the operation 
•of weighing out 10 grams of the fuel sample with thi^ 
crucible is then very rapidly performed, since the ]^a^ 
counterpoise undergoes little change in weight, and only 
rarelv requires fresh adjustment.* The lead ebunterpoise 
should be bent into the form of the letter L, 40 facilita^iS 
removing of! and off the pan of the balance. The second 
weighing of the fuel sample, after heating two hours at 
230° F. can be most quickly performed by placing the lea»d 
CQunterpoise and the lo-gram weight on the left-hand pan 
of the balance, and by adding the fractional parts of Ingram 
to the right-hand pan upon which the crucible is placed, until 
equilibrium is obtained. The final adj ustment shguld always 
be made by means of the rideri— (the little platinum, weight 
which rides across the beam and records decimal fractions 
of I centigram)— >j 4 th the front of the balance case closed ; 
in order to avoid any disturbance by draughts. ^ ^ 

The ^otal of the weights placed on the right hand pan to* 
restore equilTbrium after heating, then represents directly 
the loss of* moisture, and multiplied by to gives tho, per- 
centage of moisture in the original sample. 

Tne air-bath most suitable for heating fuel is^shown in 
Fig. 6* Irts made df eSpper, and is provided with a ther- 
mometer reading up to 300° F., and with an automatic gas 
regulator which keeps the temperature, within 3° F.*of that 
29 
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desired. That shown in.Fig. Vis the Reichajdt Muencke 
type of regi^ator. The burner is^ Bunsen gas burner, with 
a r<5se top,®and this must be plated quite close to* the bottom 
of the oven.* Unless a gas r.egulator be used, the aif-bkth 
requires constajat attdntioi\, for the gas-pressure varies 



FIG. 6. — COPPER AIR-BATH WITH THERMOMETER AND Gift- REGULATOR. 


greasy at different hours o! the day. The only precaution 
necessary with a gas-regulator is to see that there is no 
danger oflighting back whtn the main gas current is entirely 
Cut off, and only the by-pass supply is in use. * • 

A water-bath is less ^ublesoma than an air-bath, but 
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the temperature attained fti*these;cannot rise above 212° F., 
and therefore tRey are of ho use for detcrminin^he moisture 
in fuels, tlfe last traces of Which can only be gdt rid di by 
heitftig above 212° F. 

Should it be necessary to ^^eterihine th^ total moisture 
in ver^ ^et fuels, or in the fuel as delivered, it is necessary 
to determine the loss which occurs during the grinding and 
sampling operation. 9 

F(fl: this purpose, the whole of the sample contained in 
the sample tin is placed on a porgus plate anc^ is weighed as 
accurately as possible on a pair of ordinary scales. The 
plate with its contents is then placed iji the sun, or in a warm 
place on the boilei;s foi* tw'o hours, and the fuel is twice 
iarned over during this period. A second weighing) of^ the 
plate is made when cold. The loss of weight during this 
preliminary drying is“ then \^rked out as.a percentage on 
the original weight of fuel, and must be allowed f«r in the 
final calculation of tlie moisture, as ascertained by the second 
and more accurate drying operation. 

1 

The remaining tests are all carried out with the lo-gBaft; 
sample of fuel, after drying in the air-bath at 230° F. 
(110° C.). This sample must, however, be still'further re- 
duced in fineness before commencing these farther tests! 
The sieve (R) and steel mortar and pestle (C)* shown in 
Fig. 2 arc employed for this work. The former is of very 
fine brass wire, 1-60 inch mesh, e^ual to 3,600 holes to the 
square inch ; the latter is of cast steel and is 4 inches in 
diameter. The whole of the lo-gram sample must be 
'passed through this sieve. It will be found that this is n^ost 
quickly carried out by repeated sievings, and return of the 
larger particles free from the finer portion, to the mortar. 
With semi-anthracite and shaly fuels, this final grinding 
operation is troublesome, but it is essential that it be carried 
out carefully, and that the whole of the 10 grams be passed 
through the 1-60 inch mesh sieve, if correct resubs are to’ 
be attained.^ The final particles of very hard coal or scale 
which resisll crushing to the lagt, must on no account be 
rejected. As already stated in Chapter L, correct sampling 
is the basis of correct testing, and it is too often slovenly and 
carelessly performed! ft left to untrained persons, it is 
certain to be badly carried out, and the whole 6f the test 
resuUs are then worthless. 
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The finely ground sample is 'now carefij^y ©mixed oa % 
pheet 8f glsied paper, and is theh transferred to a No. oo 
(2f*inch diameter) porcelaiiv l^ksin, which is covered ^th 
a clock glassjr and is plac^ in th*e air-bath for one hour's 
re-heating at 2^0° F. * , 

This is necessary to remove the moisture taken up during 
the final grinding of the sample. The sample is now ready 
for the remaimng ‘tests, and must be transferred to a stop- 
pered glass weighing tube, or kept covered in the porSelain 
, basin in the desiccator. Should the tests be delayed some 
hours, a re-heating of the sample in the air-bath fof an hour 
will be necessary, as ^oal in this fine state of subdivision 
is very hygroscopic. ‘ 

2! Ash . — Two gr^ms of the finely ground and perfectly 
dry sample are weighed out in the pap of the balance,^ and 
are transferred to a No. 00 siz« Berlin porcelain basin. This 
is pla*ced upon an asbestos board having a hole cut in its 
'centre for the reception of the basin [see Fig. 8), and is heated 



FIG. 7 COPPER COIL FOR WEIGHING PURPOSES. 

r f> 

until all the carbonaceous matter of the fuel is volatilised 
or burnt. The heating of the basin is best carried out over 
t a Np. I Bunsen burner, the asbestos board being supported 
by a tripod stand tilted at an angle as shown in Fig, 9, 
so that rthe products of combustion may pass away behind, 
and a current of heated air flow over the fuel from the front. 

Bituminous fuels require very gentle teating at first,'' in' 
pfder that the volatile matter may escape gradually, without 
tarryingfofl any particles of solid fuel, and th^ the^ddue 
may not bake itself into a very hard mass (J coke. The^ 
fuel sftiould be turned over repeatedly with a platinum wire " 
or spatula, during this stage of the heating process) ■ 

If theljalatice be unprovided .with venwvable pans, a piece ^ 
^i^pw foil 2iX2 inches can be cut to the shape shown in 
pM Wt into the fom of a small scoop. A lead counterpoise 
b0 to balanc| exactly this pi^e of foil. 



• 

facilitate t^je escape of thfe •hydrocarbon gases, and to pre- 
vent sintering* together* of the mass. Aftef the* hydro- 
carbon gaSes have escape(>, ^he heat of the flAme caAi b3 
gi^dtially increased, unth the^battom of the l^Asin where the 
fuel rests is at a dull red heal^ Tlfe fuel the fixed carbon 
burns •a^ay gradually becomes lighter in colour, but it is 
somewhat diff.cult to get rid df the last few per cent, of 
carbon!* In o der to effect this, the basin should be removed 
fronf the flame, allowed to cool on a piece of asbestos board, 
and the ash carefully crushed with a small ^agate or glasj 
pestle. • The ash adhering to this is then brushed back into 
th^ basin with a small camel ’s-hair .brush, the fine carbon 
dust which collects rouAd the edges of the basin is brpshed 



FIG. 8. — PORCELAIN BASINS AND SUPPORTS FOR ASH TESTS. 


down into the centre, and the whole is again raised \o a 
red heat temperature, commencing with a sn^ll flame to 
avoid cracking the porcelain basin. * , 

The first heating of the fuel to remove the hydrocarbon 
gases and to bun? off the greater part of the fixed ca»b®n 
of the ^'oke requires generally from 30 to 60 minutes ; and 
a further io»to 20 minutes’ heating are required to remove 
the last traces of carbon. ^ 

From to 2 hours are thefefore required for carrying* 
out^he ash test, and any attempt to reduce this time with 
bituminoui coal will produce incorrect results.* The ash 
should be*light in colour and quite free from black specks, 
which denote unbume^ carbon. , The basin after removal 
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from the flame is allowed to neasrly*cool in the^nir, and is 
then placed ici the desiccator and its contents weighed when 
c®oldc The rash is carefully brushed out of the basin on to 
the pan of the balance or fo the^copper’foil for weighing* 
and the spatula or wire^used lor mixing the fuel must also 
be carefully brushed free fronf any particles of ash achiering 
to it/ The weight of ash multiplied by 50 gives the per-’ 
centage of ash ^he dry fuel. 



FIG. 9. — ARRANGEMENT OF APPARATUS FOR ASH TEST. 


j C 

Asji which is red in colour denotes the presence of 
iron impurities in the fuel, probably ^“coal brasses” 
(l^tes). 

e The behaviour of bituminous fuels on heating i§ quite 
different lErom that of semi-anthracite and anthracite fuels ; 
arid ^ter a little experience in testing coals from various 
sources, much information tan be obtained as to the char- 
acter quality of the fuel, by careful observation duftng 
the ash t§st. 

^ When a toge number of ash tests have to be ^erfonn^^ 
daily» 1 % saves time to u|e a mufflg heated to redness wi 
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a gas-imifl^e furnace, lhe*fUel sjimples being contained in 
shallow trays* made from platinum foil. These fhust ]^e 
numbered*from i to 6 or 12, by notches cut ^ith scftsors 
iif their edges, and great care must be givei^ to avoid con- 
fusion of the samples, and to the qu&stion qf a proper current 
of air^oter the samples. If the heating be too rapid^ or if 
the draught be too great, some 5 f the finer particles of fuel 
or ash may be carried away with the e?flt gases. For this 
• 



FIG. 10. — PLATINUM CRUCIBLE AND SUPPORT FOR COKE TEST^ 

reason the porcelain basin method is the safest fer ash deter- 
minations, especially for those non-conversant with njuffle- 
furnace managegient. The ash obtained from each fuel 
test should be placed in a small paper bag and kept in^the 
tin wi^ the original fuel sample, for reference ip case of 
trouble with the fuel or of dispute. 

3, 4, and 5. Volatile Matter, Coke and Fixed Carlson . — 
These three constituents of fudl are all determined by the' 
ond'test which consists in heating i gram of the finely 
crushed and dry sample of fuel in a covered plafinum cru- 
cible until all the hydrocarbon gases are expelled. The 
jxrucible and its contends are then again weighed. ^The loss 
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in weight multiplied by lop gives the percei^agf of volatile 
ipatter * and ^the residue multiplied by loo gives the per- 
centtge of^oke. On deducting the percentage*^' of ash as 
ascertained in Vest e from th€: pi?rcentage of coke, one obfams 
the percentage gf fixed' carbpn. 

Very careful manipulation is required in carrying out. 
this test in order to obtain correct results, and the following 
conditions muit be" strictly adhered to. The apparatus is 
shown in Fig. lo. The platinum crucible should measure 
1*40 X I'lo ii^ch diameter, and should be provided with a 
very closely fitting cover. If the crucible has been bent out 
of shape, causing the cover to fit badly, it can be restored 
to its, original circular form by rolling on a hard -surface 
while hot, with pressure applied by a.rounded stick or glafc^ 
rod in its interior. The crucible aqd cover should be 
thoroughly cleaned after each test, by burning off the adher- 
‘ ing graphite and soot, and by polishing inside and out with 
^Vet sea-sand. The grey deposit formed by the burner flame 
on the bottom of the crucible — (due to formation of a carbide ^ 
of platinum)*— should also be removed by sea-sand, after' 
e;tch test, as a platinum crucible rapidly corrodes *^nd 
deteriorates when dirty and dented. 

A platinum wire t dangle is made for holding this crurdble 
by twisting T:ogether three pieces of thick platinum wire, 
and by mounting these in the centre of an ordinary pipe- 
stem triangle, as shown in Fig. 10. No other method of sup- 
pc»:ting the crucible in the^ame is admissible for coke tests, 
since it is absolutely essential that the crucible and its cover 
should be entirely surrounded hy flame during the test. The 
^Bun§en burner must be of No. i size, and should give a 
steady colourless flaijie at least 7 inches high. The tripod 
stand should be 8 inches in height, and must be so arranged 
that the bottom of the crucible, when supported by the pl^iti- 
num wire triangle, is not more than ij imelies from the top 
of^tfie burner. If the pkice where the test is carried out 

at all subject to side draughts, cardboard screens nhist be 
arranged round the tripod and burner to prevent access 
of air®to the crucible while .the heating is in prSgress. 

^ 'a lead counterpoise should be made for the crucible 
and its caver to facihtat# the weighing operatj^on. This 
Counterpoise will require adjustment a‘t short intervals of 
time, since* the platinum crucible will lose gradually in 
weight iy the jrequpnt tleanings^,® The i gram of Jud 
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must be vlrytcarefully .weighed into the cn|cibley» with a 
possible esror of not mor^ than i milligram. • 

•The crucible is then*covete(J, inserted iu the triangle, 
and placed upon the tripod Mand^n the cehtrc of the gas 
flame,® which has been previBusly ignitecf and surrounded 
with any draught-protecting device that may be necessary. 
The hydrocarbon gases commence to,, escape from under 
the gover as soon as the crucible attains a red heat, and these 
burn with a yellow and smoky flame for a period which 
depend^ upon the percentage of ’volatile matter in the fuef. 

As a rule the gas evolution lasts from i to i J minutes with 
bituminous fuels, and its duration and volume enables one, 
Ajith a fair degree of accuracy, to judge the charactei; and 
"nature of the fuel. A% soon as the last luminous candle ” 
has disappeared from the Bunsen flame above the crucible 
cover, the crucible is removed from the flame very carefully, 
by lifting away the tripod which supports it witliout dis- 
turbing the cover, and is allowed to go nearly cold in the air, 

• before placing in the desiccator. When quite cold it is 
theij weighed with the cover still on, and from the loss Jn 
weight, the percentage of volatile matter, coke and fixdfl 
carbon are calculated as already described.* ‘The final 
weiring must be within i milligram. The deposit of sqot 
found upomthe inner surface of the cover, and 4he deposit 
of graphite upon the inner walls of the crucible are generally 
ignored in the final weighing, since although they appear 
to^be of considerable volume arfti importance, they wefgh 
cnly from 5 to 15 milligrams. 

The coke left in the crucible after the expulsion of the. 
hydrocarbon gases is very hygroscopic, and on this aedbunt 
it should not be exposed to the air before weighing. The 
appearance and character of the coke differs greatly, with 
different coals, qpd it may be obtained either as a powdery 
non-adhering resiSue or as a solid cake. With the Sf^uth 
Wales ^team-coals, which cake together on heating, a slight 
explosion often occurs during the coke test, and some of 
the fuel ii generally thrown out of the crucible.. This 
effect appears to be due to the fbrmation of an impermeable 
cniSt of coke around the fuel, before all the volatile matter ' 
has escaped. The best way to obtain correct coke tests 
with this%nd other fuels which produce detonations, is to 
use'only 70 or -50 grajpi for the test in place of i gram. 

6 .^ Sulphur.*— The determination of gulphur in •fuel in- 
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volves ttie performance of an ordinary gravirlietnc analysis* 
and tome practice in quantitative analysis will be necessary 
before accurate rq^sults can 6e obtained. It is therefore 
useless to attempt this 'test without some training in the 
methods and apparatus used bV chemists in analytic^fwork. 
The directions for carrying out this determination are 
consequently only given in condensed form. 

If a bomb calorimeter be used for finding the calorific value 
of the fuel, the determination of the sulphur is simplified, 
for the liquid Obtained by rinsing out the bomb after the 
explosion contains all the sulphur in the form of sulphaje. 
The whole of the rinsings are transferred to a pqrcelain 
basip, ^nd are evaporated twice to dryness with additiogi 
of 5 c.c. of pure hydrochloric acid (i‘i8 sp. gr.) upon a water- 
bath in order to remove the nitric acid' formed by oxidation 
t of the^'nitrogenoifs constituents of the coal. The residue is 
dissolved in loo c.c. of water, 2 c.c. of pure hydrochloric 
acid are added, and the solution is filtered before precipi- 
tating the sulphur with barium chloride. Boiling the 
solution for five minutes after the addition of the barium 
cnloride renders the precipitate more dense, and less likely 
to pass through the filti^r paper. 

,The remakider of the determination is carried out ifi the 
usual way.' The weight of barium sulphate finally obtained 
multiplied by -1375 gives the corresponding weight of sul- 
phur, and this multiplied by 100 and divided by the weight 
of fuel used in the cilcrime^er gives the percentage of sulpliuv 
present in the coal. 

I Should a bomb calorimeter not be available, the amount 
of sulphur in the fuel can be determined by the " Eschka ” 
method,, wlvch is based upon the conversion of the sulphur; 
into a soluble form, by roasting the fuel for one hour with 
a mixture of anhydrous sodium carbonate and magnesia, 
Tk^ method is carried out as follows 
^ A platjnum crucible, 1-4 inch high by i-i inch diameter, 
is fitted tightly into a round hole cut in the V;entre of an 
asbestos board, which serves as its support. intimate 
mixture of 2 pts. of well-burnt magnesia with i pt. of 
anhydroug sodium carbojjiate is prepared beforehand ^d 
kept for these determinations in a '^v^ell« corked bottle. One 
gram of the finely-ground fuel and one-and-a-fialf gmns 
of the magnesia and sodium , carbonate mixture are now 
weighed dkectly into the crucible,' the fuel being weighed 
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last, and tl!fe contents are carefuUy mixed with a g]giss rod 
having a rpunded end, until the particles of coal are weU 
distributed amongst thesi so*di«im carbonate and magnesia. 
The crucible is now placed in ifs a^bestcfe support, upon a 
tripod#sUnd, and is heated in«, Bunsen burner flame which 
is sufficient to keep the lower pj^rt of the crucible at a dull 
red heat, the tripod stand being tilted as in the ash test, 
to c|rry off the products of the combustion of the gas, at 
the rear of the tripod support. The fuel and mixture are 
stirred up every five or ten minutes with a thick platinum 
wire mounted in a glass tube as holder, a small watch-glass 
or*dish being provided as support for this wire in order to 
prevent any loss of the test material when it is not in use. 

‘ ^ould the fuel be of bituminous character, the prellmfhary 
heating must be very graduah while the hydrocarbon gases 
are being evolved, otherwise some loss o^ the mixtiy-e will 
occur. At the end of one hour, if the operation •has been 
carried out properly, the whole of the black particles of 
carbon will have disappeared, and a uniform reddish or 
grey-coloured mixture will remain. Should any blafik 
particles be seen, the heating and stirring with the platinum 
wire must be continued until they have all ^i§appeared. 
Tht? crucible is now allowed to cool, and its contents are 
emptied inj-o a glass beaker in which they are* treated with 
hot water and bromine water in sufficient amount to give 
a slight yellow tint to the solution-— 20 c.c. of bromine 
water usually suffices for this purpose. The beaker and 
fts contents are now raised to the boiling point by very 
careful heating v/ith constant stirring, and the liquid is 
allowed to settle. The clear solution is poured off t^ougH 
a small filter paper, and the residue is washed six times by 
decantation with boiling water. The filtrate ind "washings 
are collected in one large beaker, and dilute HCl. is ‘added 
in sufficient amcftmt to render the solution slightly ^acid, 
A clock-glass must be kept on the beaker during this opera- 
tion, *and also during the preliminary heating afterwards, 
since COj^gas is evolved for a considerable period. The 
solution takes a darker tint .after the addition df HCl 
oldng to the liberation of free bromine. It is next concen- 
trated by heating ^upon an asbestos board, without actua 
ebullition. The excess bromine escapes during^ this concen- 
tration, and when all traces of yellow colour have disappeared 
io»c.c. of a 10 per cant, solution df barium chloride are 
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added to the hot solution, ^d the whole is vjgoiipusly boiled 
for teif miniates, in order to render the precipitated BaSO* 
deniser and hiore easily filtere 4 *The remainder o!*the opera- 
tion is Carrie^ ont as before, and since i gram of fuel 
was employed tlje weight of ^e BaSO^ in grams multiplied 
1375 gives the percentage of S in the raw*fuel. A 
correction however must be* made for the sulphates present 
as impurities in tho magnesia and cabonate of soda, and for 
this purpose a blank test should be made with i J grami out 
of every fresh bottle of the mixture, using exactly the same 
quantities of the bromine water, hydrochloric aCid and 
barium chloride as for the real test. The weight of BaS04 
obtained should be noted on the* bottle, and should be 
ded\fcct«d from the BaS04 found, t)efore calculating thfe' 
percentage of S. 



CHAPTER IV. 



The Calorific Valuation of Solid Fuels. 

• 

laboratory calorific valuation of solid fuels is carried 
X out by burning a Veighed quantity of the dry fuel in 
a confined space surrounded by a known volume ortweight 
of water, and by noting the increase in temperature of the 
latter due to the coftibustiou of the fuel. A very large 
number of calorimeters have been dcsigndU and ejn]51oyed 
in the laboratory for carrying out this test, but all of thes^ 
may be brought into three classes, according to the character 
hnd method of supplying the necessary oxygen. 

Either the oxygen is brought to the fuel in the fornj ol 
a chemical compound or in the free state ; and calorimeters 
using^aseous oxygen for combustion of the fuel a^teMifferen- 
tiat^by the pressure at which this oxygen gas^is supplied, 
the Fischer Ik Mahler bomb calorimeters being tfie leading 
representatives of these two different types. In the follow- 
ing pages one calorimeter only of each class will be describej^, 
and the method of use will be explained in considerable 
detail. ^ 

Of class I the Lewis Thompson calorimeter has ^een 
selected. Although the results obtained by this calorimeter 
have been often discredited, when used with the rqpdifica- 
tions suggested by the author, it ^fields concordant rasults 
with certain claasq^ of fuel.^ 

Of calorimeters using oxygen gas at normal pressure, 
Darling " Calorimeter has been described ; while of cla' s» 
3, the Hahlfer Donkin bomb calorimeter has been dealt 
with. 

In each case the descriptions and details are based upoil 
lengthy trials in the author's own laboratory. ^ 

There aft two systems of thermal units in current us3, 

* Scheurer Kestner’s tests with this form of calorimeter confirm 
this qpinion, * 
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one b^sed jn the kilogFam and the degree * Centigrade, 
and^knowij. as the Calorie, and tfie other upon ^ the pound 
avoirdupois, ^and the degree ‘Fahrenheit. Th6 latter, is 
known as British J^Kermal Unit,” and represents the 

amount of heat required to mise i pound of watei; tjirough 
1° F. To convert pound. Centigrade units into British 
Thermal Units, it is simply necessary to multiply by i*8 ; 
the corresponding /actor for converting kg. Centigrade ^units 
or Calories is 3-97. 

• % 

General Regulations for Calorimetric Work. 

Wherever possible a room heated by hot-water pipef or 
by hot air, and kept at the same temperature day and night, 
should* be used for calorimetric work. Rooms heated by 
open fires vary greatly in temperature at different times of 
the dgiy, and difference in* temperature of the air causes 
^difficulties in the calorimetric work. The whole of the calori- 
metric apparatus should be kept under cover in the same 
room, and it should be thoroughly cleaned and dried after, 
each test. The water used in the tests should be drawn at 
ieaSt twenty-four hours before required, and stored in*large 
bottles iij the calorimetrv: room, so that both the apparatus 
and water may be at the air temperature of the room<vhen 
required (of use. Direct sunlight must not bf allowed to 
fall on the apparatus during the tests ; and when choice is 
possible a room with a north or east aspect is preferable 
to one facing south or weit. Temperatures should be taken 
with standardized mercury thermometers read off with* a 
magnifying glass. All temperatures taken during the tests 
should bd noted down on paper with the time at which they 
were recorded ; omission to form this habit will generally 
lead t(J spoiled tests at some later date. 

In the winter months in laboratories heated by open grates 
tji^ tap water, if the other supply has failtid, is often many 
degrees colder than the air of the laboratory. In such cases 
it will be round that the large volume of wjter ftquired 
for filling tlie calorimeter can be speedily raised in tem- 
peraflire by the radiate’d h^at from a coal fire. The water 
is placed in large pale green glass bottles 18 inches Srom 
the bars*of the grate, afid the battles are tuyied round 
at intervals of fiiteen minutes. This method is l^s trouble^ 
some and less likely to lead to breakage than heating oter 
tLe fir% hi a kettle «or oVer the lafnp in beakers. 
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When woAing with only half a gram of fu^, rac^ation 
losses can bg ignored, and water at the laborator^^ tempera-, 
tur^ may always be employed*. 

The Lewis Thompson Calorimeter. 

Fig. II shows the separate portions of the Lewis Thomp- 
son calorimeter, as usually employed. ^ is a large glass 
cylincjfr holding 2,000 c.c. of water when filledlo the mark ; 



FIG. II. — LEWIS THOMPSON CALORIMETER (ORIGINAL FORM). 


• • 

5 «is a copper cylinder open below and closed above by 
the copper pipe and tap through which the final gaj^s of 
the combustion are allowed to escape ; C is a small co]jper 
cylinder in which the combustion of the fuel actually 
occurs ; D is the holder for the same ; and F is a mercury 
thermometer graduated in tenths, and reading from 0° to 

45° C. 

The method of use is as follows Two grams of the finely 
powdeftd and dried sample of coal, prepared as described* 
in Chapter * 11 , are weighed out and intimately mixed 
with 22 gtams of the oxyg^ fhixturc.^ This mixing 
is Ij^st carried out upon a sheet of glazed white paper and 
must be continued until^o black specks are visibl^, and the 
mixture i j of a uniform grey colour. The mixture is now 

^ This mixture contains three parts of potassium chlorate to one 
of potassium nitrate, and |pust be quite dr]^. * 
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transferred to the copper-cylinder C, with the aid of a dry 
{unnel*havjng its leg cut off, and is pressed dowp by means 
of a glass ro(J having a flattened ^lass button oh its 
When the whole bf the, mfxture has been transferred to C, 
this is placed in«the holder a few strands of ius% swe em- 
bedded in the top of the ipixture, the projecting free ends 



VIG. 12.— LlfWIS THOMPSON CALORIMETER (MODIFIED FORM). 


ane*ignited, and after quickly covering with the copper 
cylinder B, the whole is placed in the vessel coiAaining 
2,000 grams of water, the temperature of which has been 
most carefully noted, if the ignition and combustion are 
successful, the test is now nearly completed, for after ^he 
whole of the combustion igases ha^e bubbled up through 
^e water* in . 4 , it is only requisite to •open the ^ap at the 

‘ This is easily made by heating the end of a glass rod to redn^^ 
^d by p^BiSsing the hot tnd oft a flat sur^ce of cold iron. 
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top end of B, allow theVa^^r access to the cylinder C. and 
to thoroughly mix the water in it, by plunging •the cylinder 
up and dovm in it, to obtain ^he final reading ol the ther- 
motnJter, which gives the increase in keat* due to the 
combusion of the 2 grams of ^el. * 

The calculation which yields the calorific value of the 
fuel is then simply obtained by use of the equation 

Q ~ in which C = calorific value ; a: = the 

2 

water equivalent of the apparatus in Centigrac|e units ; and, 
t — the gain in temperature. The value of x for this 
apparatus, and in fact for all forms of calorimeter, is^best 
obtained by testing a standard sample of fuel or pure cellu- 
lo^fe of known calorific v^lue, and by using x as the unkn(?wn 
in the above quotation in place of c, the value of which can 
then be inserted. 

The improvements i^ the Lewis Thompson calorimeter 
and method of use devised by the author are as follows * 

1. The weight of water used for each test is increased to 
3,000 grams, by use of a larger vessel {sec Fig. 12). 

A tbin Jena glass beaker replaces the thick vessel shown in. 
Fig. II. This change lessens the rise in temperature and 
thus diminishes radiation losses. 

2. Radiation losses are further minimized b^^vs:^ of the 
tin cylindrical shield B in Fig. 12 which surro*unds the 
beaker, and provides a non-conducting air jacket between 
the water and the outside air. ^ 

5? A copper gauze ring is provided to fit on to the copper 
cylinder and nearly touch the beaker at all points. Jhis 
breaks up the bubbles that pass through the water^on 
making a test, and causes the waste gases to be better cooled. 

4. The usual thermometer is replaced by one wfiich«;allows 
the temperature to be read to i-iooth of a degree Centigrade. 
This improvement k reading off the increase in temperature 
must of course be accompanied by increased care in fhb 
weighing, mixing and measuring operations. A i-litre 
flask is used for measuring the water used for the test. 

' 5. The oxygen mixture is dri^d before use (one hour at 
iio^^C. for each test), and the amount to be employed is* 
calculated from the cor^bustible actually preseii in the 

fuel. The formula used for this calculation is W 2 =*=— 

in which W = the wei^t of oxygen mixture required for 
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2 grams of the fuel, and.^ ='tAe percentage tf ash in th6 
^dry simplef * 

6. The fnixing of the oxyg^ir compound with *the 2 grams 
of fuel and (Jharging of the copper cylinder with the same 
are most carefuily carried oi^t, and no loss of fuel is allowed 
to occur in this operation. The cylinders are numbered 
according to their capacit]^ as measured by water contents, 
and as far as ^ossfole it is planned that the fuel and oxygen 
mixture shall fill the cylinder to within f inch of th% top. 

, The precise (Jegree of pressure it is necessary to employ in 
filling the cylinder with this mixture can only be learned by 
experience; if too loosely packed the combustion is«too 
rapid ; if too tightly packed the chkrge will probably become 
exKnguished before all is burnt. ^ A combustion should 
last I minute. 

7. The ignition fuse is madf of four strands of lamp wick, 
I incli in length, dipped in potassium nitrate solution and 
'dried. The four strands are twisted together, and one 
quarter inch of the ends are then spread out in the form of 
,feet, and the little igniter is placed upon the top of the 
^charged cylinder with the ends lightly embedded ill the 
mixture, which must be left loose and porous at this place. 

8. The water equivalent of the apparatus is deterjnined 
by actual ttial with a standard fuel as already described. 

9. The copper vessels, B, C and D in Fig. ii are placed in 
the calorimeter after C is charged, and the temperature is 
rpad when equilibrium i^ established. The tap of B must, 
of course, be closed during this period. The charge is then 
ignited by withdrawing and disconnecting B, C and D for 
a v/^ry brief period of time. 

Operating as described in 6 and 7, the author is seldom 
troubled v^th failures to ignite or with incomplete com- 
bustions. 

Using this modified form and methQd*of working with 
the Lewis Thompson calorimeter, the author has obtained 
'results which are within 2 per cent, of the calculated 
values of the fuel, when testing bituminous fuels contain- 
ing over 25 per cent, bf yolatile matter. ThS conditions 
under which the test is made must, however, be kept 
as far aji possible the same as ^hose under which the 
water equivalent is determined, and rfny wide variation in 
these confations will lead to discrepancy in tlie results. 
With ^mi-bitumin(ius and anthjlicite coals the Lewis 



Thompson fprm of calofimliter yields, however, unsatisfac- 
tory results, owing to tha amount of unconsuiSied carbon. 
Coke and peat also cannot J^e burned in the calorimeter,* 
so thnt its field of usefulness is somewliat^ narrow and 
restricted. 



FIG. 13. — DARLING CALORIMETER (ORIGINAL FORM). 


For correct calorific tests of all these classes of fuel, either 
of the calorimeters about to be described must be used. 

^ The Darling Calorimeter. 

The Darling Caloriijietur is based upon the priiiciple of 
combustion^in a current of oxygen gas at normal ^pressure, 
and the apparatus is a modified and improved formoOf the 
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well-known William Thojmson* Calorimeter.^ Hig. 13 show’s 
^the efisentifil parts of the Darling calorimeter. A small 
nickel or f)latinum crucible, ^1* inches high by rtnch in dia- 
meter, is helfl by brass arms in tlie centre of the perforated 



FIix. 14 DARLINf; CALORIMETER (MODIFIED FORM). 
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brass base-plate of the apparatus. A flanged glass bell- jar 
provided wflth a rubber cork, carrying a brass oxygen supply 
pipe* and two copper conducting wires is clamped to the 
base-plate by means of rubber rings a^d by a brass ring 
jflate held in position by screws and nuts. It is advisable 
to use a rubber ring above and below the glass flangti on th„e 
bell- jar to avoid breaking this when tightening the milled 
head* screws. A brass ‘gauze ring is shown in position on 
the bell" jar in Fig. 13, but this is an addition to the original 
apparatus. Fig. 14 shoMfs another form of the apparatus 
in which the brass oxygen supply ttibe is replaced by a 
tube of bird potash glass widened out to form a cup at its 
lower ^d, and connected above ta the oxygen cylinder or 
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gas-holder 5 y a glass T.piece. -In the first ^orm ♦of the 
Darling apparatus ignition pf the charge occur? by m^an!^ 
of € ine platinum wire fixed Ifet^veen the^lowsr ends of the 
two copper conducting wires, whiah are' themselves con- 
nected«ta four bichromate celfe or to some’’ other source of 
electrical energy. Fig. 15 shovv« a convenient bichromate 
battery made up of four pint cells. In Jhe second form of 
appasatus, ignition occurs by means of a small piece of 



PIG, 15.— niCHROMATE BATTERY OF FOUR CELLS. 

. J 

glowing charcoal (-oi to -02 gram), this being dropped 
down Ike oxygen supply tube by removing the small cork ' 
which closes the vertical end of the glass T piece. This 
method of tgnition is preferable to’ that recommended by 
Dating, as the use of sulphur for igniting the charge has- 
many disadvantages. In both forms, a sheet tin cylinder 
surrounding the glass vessel diminishes the radiation 
losses and* is a useful addition to the original apparatus. 

The method of carrying out a> determination with the 
Darlftig calorimeter is as follows 
49 
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i,40(]^^grair^ of water are-measured carefully iifto the glass 
vessel shown in Fig. 14, using a i-fitre flask and ^gradual ed 
cylinder for this purpose. ^ From half to one g^m of. the 
dry sample of fuel is weighed out into the crucible, this is 
placed in its holder, and the (apparatus is clamped /.ogether 
as shown in Figs. 13 and If electric ignition is to be 
employed the^ends of the two copper conducting wires 
are joined by a short piece of very fine platinum wir^., the 
loop of which is made to dip under the surface of the fuel 
Contained in the crucible. It is wise to try the effect of the 
current on this wire before clamping up the apparatus for 
each test, since at times the bichjomate battery requires 
cleaning and re-charging. The oxygen supply tube is con- 
nected to the gas-holder or cylinder containing oxygen, 
and a slow but steady current of tixygen is passed through 
the apparatus, which is now "ready for immersion in the 
glass vessel containing the water. 

When immersed the water should reach up to the neck 
rim of the bell-jar, but not above it, and the air which is, 
b^ing displaced from the interior of the apparatus by oxygen 
shofild bubble up through the water in small bubbles from 
all portions ei the perforated brass-plate. The temperature 
of the watej; is next taken at two minutes' intervals^ ' and 
when the piercury in the thermometer has bec(ime station- 
ary, the stream of oxygen is made much more rapid, and 
the coal is ignited. If charcoal be used for ignition, the 
sifiall weighted particle i» held over a lighted match until 
it commences to glow, when it is dropped down the oxygen 
tube.^ When the coal contains much volatile matter, 
ther6 is some danger of explosion during the early part of 
the combustion, and considerable skill and experience in 
the mahagement of the apparatus are necessary to attain 
perfect combustion. It is advisable, therefore, to start 
wjth the lower end of the oxygen supply^ipe high up in the, 
^11-jar, and to have a very rapid current of oxygen when 
the coal (as shown by the approximate analysis) contains 
over 30 per cent, of vqlatile matter. / 

When the greater portion* of the volatile matter has been ,■ 
distiHetfand burnt, only goke remains in the crucible, 1^:, 
||ie oxygen tube can be pushed dewn^^adually, until ^ 
the^caiicifcle rim. The combustion can Ijp 
th^ tower end of the o^gen supply tube nearly 
log hi cr^ible. When tha^mi 
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shown in Fif. 13 is employecl for supplying the (jxygej to the 
fuel, it is advisable to work this from side to side, in oj-der 
to spread file stream of oxygen over the whgle of the fuel 
and residue. , * • 

The«c<)mbustion -is finished when the •residue in the 
crucible ceases to glow, but the g-ucible itself should become 
red-hot during the combustion, and in orderito avoid pre- 
matufe loss of heat it is advisable to support the crucible 
upon an asbestos tray. The current of oxygen gas through 
the apparatus is then reduced, and the tamperature oJ 
the water is noted every half minute until a fall occurs. 
Acdbrding to the inventor, 4J minutes should suffice to 
burn I gram of fuel, but the author has never succeeded 
-in carrying out a test in this time. The calculation is 

made as before by use of the equation C = 

in which C equals the calorific value of the fuel, t equals th« 
'gain in temperature of the water, w is the weight of fuel 
msed, and x is the water equivalent of the apparatus. 
Although a value for ^ is given with each apparatus sol^, 
it is far better and safer to determine it by use of a standard 
combustible such as cellulose or pure carbon, as ^described 
in tHb previous section of this chapter. , 

The Darlkig calorimeter in its original form yields only 
entirely satisfactory results with fuels low in ash and in 
volatile matter. When fuels containing a high percentage 
of ^volatile matter are burned ifi the Darling apparatus 
there is a tendency for some of the volatile hydrocarbons 
to produce smoke and to escape unconsumed ; and ^hen 
fuels high in ash are tested, there is a tendency for a pof tion 
of the fixed carbon to remain unburned in t^e crucible. 
In the case of coke this unconsumed carbon may an^^ount 
to 10 per cent, of the total combustible matter. 

The first of the§e difficulties, according to the invent(jr, 
muy b^ overcome by mixing one- third of its weight of china, 
clay with the fuel before burning in the calorimeter. This 
remedy, however, is only partial, for it increases the amount 
of ash remaining in the crucible, and therefore the risk 
of Sibme of the fixed carbon remaining unconsumed. 

The second difficulty ^an be overcome by making small 
pellets orjjriquettes of the fuel sample, and by wsing these 
for combustion in th^ calorimet^er in place of tl^e finely 
powdered sample. Figt 16 shows the^^Uet mould«used by 
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the writer fo^ this purpose. Two grains of the^inely pow- 
d«sreji sample are mixed on a porcelain slab with i c.c. 
of a I per cent solution of pure gum-arabic in waiter, y^y 
bituminous fuels ‘can he moulded without adding gum- 
arabic. This pa^ite is then pressed into three cylmders in 
the mould shown. Each qf these is cut while still moist 
into two halveis with a sharp knife, and the six little pellets 
of fuel obtained in’ this way are then dried at 130° Q. for 
six hours in the air-bath. Two, three or four of these 
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FIG. 1^. — BRIQUETTE MOULD. FIG. I 7. — WA»I BOTTLE FOR 

REGULATING OXYGEN 
SUPPLY. 


I I 

pellets, according to the weight required, are then used 
for tjie calorimetric test, which is carried out as already 
^ described. 

When fuels containing less than 30 per cent, of volatile 
matter .are tested in the Darling calorimeter some difficulty 
will be met with in causing them to ignite. The best plan in 
such cases is to use a small weighed portion of some pre- 
vilbusly tested bituminous coal as ignition charge, sprinkling 
'a little of the standard bituminous fuel on the surface of 
the pellets in the platinum crucible. The different calorific 
value c of the added fuel must of course be all( 3 ^wed for in 
calculating the result of the test. ^ ' 

The coipbustion of the ^el can b^ effected also much more 
quickly when the fuel is in briquette *form, since the cur- 
rent of oxj%en gas can be increased greatly withcTut danger 
of blow^ the fuel oiit of^the crucible, 
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By usin^ only half of ft^el and a thermometer read- 

ing to i-iooth of a degree Centigrade, the tin?e^ required ^pr 
burning the fuel and the g^ncin temperature can be reduced 
one^alf, and the errors due to*radiatioif losses correspond- 
ingly diminished. When w(jrking\with this small amount 
of fuel, very careful and accurate weighing and measure- 
ments are required to obtain reliable results. 

It is essential when working under these conditions, 
thereto e, to have some protection against temperature 
changes between the vessel holding the mei^asured volunie 
.of >yater, and the outside air. Fig, 19 shows the form of 
outer- vessel used by the author with the improved fo m 
of Darling calorimeter. ‘ The water-jacketed vessel contains 
stirrer and encloses, an inner air-space, within which the 
nickel-plated vessel containing the water is supported upon 
corks. When placed in position, therefore, the water for 
the heat measurements is surrounded by a watei^ and an‘ 
air-insulating jacket. This double heat insulation from tSe 
outside air can be carried still further, by closing the vessel 
‘ above with a circular asbestos board cut into two halves, 
and provided with the necessary holes for the thermometta*, 
oxygen supply-tube and electricity conductiqg-wires. A 
further improvement of the original Darling apparatus is, 
to surround the bell- jar with a copper spiral, through which 
the heated*^ gases produced by the combustion *of the fuel 
must pass, before finally escaping from the water. This 
leads to a better extraction of Ijeat than the gauze-screen 
shown in Fig. 13. The fuel used for these tests should 
be employed in briquette fo m. The ignition is carried 
out electrically, by allowing the platinum wire to diji into* 
a small amount of loose powdered fuel, placed in a small 
hollow formed on the upper surface of the btiquettes by 
using a round ended plunger for the briquette mould. 

^^^en the volatile matter test has shown that the fuel 
is low in hydrocarbon gases, or that these require a vdry 
high temperature to cause their evolution from the coal^ 
a small weighed quantity, say 15 milligrams of an easily 
ignited bituminous fuel is placgd ih the cavity, and in this 
W|y failures due to nor ignition of the fuel briquettes are , 
avoided. The calories , represented by this 15 jngrs. (say 
8,000 X *0*15 = i2o)* are deducted from the total calories, 
before caJbulating the net calorific value of the fuel. 

The oxygen used in Working the Darling apparatus should 

* 53 



|UEL, WATER ANb GAS ANALYSIS 

either be stored in a gas-holdef ever water, ot- shouM be 
passed* through a glass tower fillc?d with pumice soaked in 
water, in order that it may^ take up before use all the 
water it can carry at the temperature of the laborato^-y* 



FIG. l8. — MAHLER- DONKIN BOMB CALORIMETER. 

r 


It is also useful to have a wash-bottle through wj^ich the 
oxygen bubbles, inserted between the gas-holder or cylinder 
and the calorimeter, as in this way the speed of c the current 
can be more easily noted* and controlled. Fig. 17 shows 
a suitable form of waslWbottle. 

When 'used with the precauticAis j^escribed •above, the 
Darling calorimeter can be made to 5deld accui^te results 
with alj classes of fuel. ^ 
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Tna MAHLER-I?QN!crN Bomb Calorimeter. 

• * • f 

Figs. i8^to 21 sliow the component parts of ihc Ma^^ileiv 
D&n^nn bomb calorimeter. Thc^ combustion /)f the fuel in 
this calorimeter is carried out in Qxygeii gas at from 200 
to 400»pounds pressure. Fig.*i8 shows the? most important 
portion of the apparatus— nai\^ely, the bomb. This is a 
heavy gun-metal cylinder (. 4 ), provided with»thrce screwed 
stud»pins for bolting down the cover (D), and lined inside 
with gold to protect the metal from corrosion by the acids 



FIG. 19. — WATER VESSEL AND MIXING PADDLES. 


formed during combustion of the fuel. The cover i^pro-* 
vided with a milled head screw valve (B) for regulating the 
inlet of oxygen gas, with an insulated conducting v/ire (C), 
which runs through the cover and terminates below, and 
with three heavy fiuts for bolting down the cover on to the 
cylinder. Thin lead wire is used to make the joint between 
the cylinder and cover, and the bomb is tested up to 1,506 
pounds pre^ssurc before leaving the makers’ works. Fig. 19 
shows the rest of the apparatus, namely, an insmlating 
vessel and paddles for quickly obtaining a uniform tempera- 
ture. Atwater- jacket end also an air-space surround the 
inner vejsel containing the measured volume of water and 
the bomb, and the mixing paddles fit round the latter. These 
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paddles can be worked up and d^Vm; or in a circylar manner, 
by tho wooden nob which pro>ects 6 inches above the 
outfr vesstl, when all the apparatus is fitte^ together. 
The ignition .of ^e fuel occlirs by electric heating, 4 fine 
platinum wirS being used as bridge between the Tower ends 
of the two electf'odcs fixed oh to the bomb cover. * Fig. 2 Cf 
shows the cover alone supported on a tripod stand, with 
the small platinuip dish and the platinum wire ignition 



• 

loon ■ It is well to make a trial test of the electrical con- 
nexions in this position, since if the platinum wire does 
not heat to redness it is comparatively easy out the 
‘cause wherea later on, when the cover is bolted on to th- 
cylinder and the bomb is immersed in the water, a failure 
fo i^ite causes much frouJ^le. The finest platinum wir^ 
of which 12 inches weighs 2 grams, should be used.. or 
ignition purposes. Iron wire cannot bemused .for Produces 
fused iron oxide on ignition and this speedily copdes the . 
cod plating of the bomb at those places where it falls. 
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A small pl^inum dish ‘i, ilach in diameter and | inch deep 
is preferable to a crucible for holding the fu<?l, siiK^c it is 
easier in t^is case to arrange that the platinuii^ loop ahafl 
dipfti the fuel. For this piirpoie the wife i^ wound seven 
or eight times round the straight elfcctrodc^ and llie loop is 
lengthWed as required by pulnng one or more of Ihcse coils 
down with a pair of small forceps. The weight of fuel used 
for carrying out a test with the bombw calolimeter varies 



from *40 to l*o gfam. The smaller the quantity of iuel 
used, tjie smaller is the rise in temperature of the water, ^ 
and the less is the time required for completing a test, both 
of which rqfiuce the error due to radiation losses. On the 
other hand this method of working demands great cfire in 
alVweighing and measuring operations ; and some degree 
of skill in*mai>ipula^ng^the apparatus is necessary, before 
• correct results can be obtained when working with *5 gram 
of fuel. 
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The fuel must be employed .ift briquette, form. The 
methcd of^rflakmg these fcriquett.s and the use of a supple- 
\nentary ignition charge office se fuel has bi-cii descrited 
already on 53. The small platinum dish with ift Wo 
or pree small briqueftes ij now transferred I0 the wire 

holder attached to tlie under side of the bomb coiner and 

« ’ 



FIG. 22.— OXYGEN CYLINDER WITH REDUCING VALVE AND PRESSUl^E GAUGE. 

the glatinuin coil is lowered until it dips into tke powdered 
fuel, which lies in the hollbw on the top of one of the bri- 
quettes. The cover is now placed on the bomb witlfbut 
jamng tile platinum dish, and the nuts arfi scrtiwed down 
to form » tight joint. , 

A wpoden block-holdpr is pro\ided with the Mahler- 
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bomb, which can** be screwed to the laboratory 
working bench. This greatly facilitates the sct^wing tight 
of the cov«r. , * # * * 

The next step is to fill the bdnib with»ox^en. and the 
necess^r^ connexions to the ^oxygen cylinder are shown 
in Fig. 21. A pressure gauge recording up to 400 pounds 
is provided between the oxygeh cylinder aijd the bomb, 



FIG. 23. — BOMB IMMERSED AND READY FOR IGNITION OF THE FUEL. 

and a thick walled copper tube provided with flanged dhds 
and niAs is employed to connect this with the cylinder and- 
bomb. Small lead washers assist in making these joints 
gas-tight. •It is well to have a fine screw regulating.valve 
aijj^ a pressure gauge reading up to 120 At. attached to the 
oxygen cylinder as sho\yn in Fig. 22. Otherwise it is diffi- 
cult to coRtrof properly the flow of gas into the fiomb, and 
too rapidfa rush of oxygen may cause some of* the finely- 
powdered ignition chaffge to be blowq out of the platinum 
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dish. The gas must be admitted'-tb the bomb^lowly. The 
amoufit rjcjuired, as indicated by the pressure, varies with 
*the amount of fuel used. Fpr'hajf a gram of futel a pressure 
of 220 pounjis suffices, iSr i gram of fuel 400 pounds is 
necessary. W^th this* highf^r pressure there wil( Ije some 
difficulty in keeping all the joints tight, but slight leaks 
may be ignored. In the Jiahler-Donkin bomb as originally 
designed, a consickrable loss of pressure and of gas o<jcurred 
on closing the milled head screw valve on the top of the 
bomb, since to close this it was necessary to loosen the 
screw nut connecting the oxygen supply pipe hbove it. 
A small back pressure valve inserted in the bomb in the 
portion of the cover marked B (Fig. 18), which comes into 
ac^oR and closes the exit-pipe as soop as the exterior pressure 
is relieved, is a most useful addition^to the earlier design. 

The milled head screw valve is now closed, the bomb 
is disconnected from the supply, and the opening in the top 
•of the bomb is closed by the screw nut shown in the fore- 
ground in Fig. 18. The bomb is transferred carefully to 
^the water vessel which has been previously filled with 
^£,500 c.c. of water at the laboratory temperature, the 
mixing paddles are placed in position, and the conducting 
wires frdm a bichromate battery of four cells, or from some 
other source of electrical energy (two amperes at 12 volts 
are requited) are connected to the terminals on the bomb. 
Fig. 23 shows the general arrangement of the apparatus when 
rpady for firing the charge of fuel. The screw nut pro- 
jecting above the water in the calorimeter vessel is dsed 
as ^e second terminal on the bomb. The mixing paddles 
are^now worked gently until the thermometer dipping in 
the water of the inner vessel ceases to rise or fall, and the 
fuel i^ than fired by depressing for three seconds the ist 
of the zinc plates of the bichromate battery. Within half 
a minute, if the ignition has occurred.properly, the ther- 
mfimeter will begin to rise, and the mixing padres are now 
* worked steadily until the mercury again becomes stJtionary. 
The final temperature is then recorded, and the test is 
finished. • * 

For work with this calonmeter, two specially made mer- 
cury thermometers 24 inches in le^igth shoujd b| employed, 

. graduated m soths and ranging from t"" C. to 25° C With: 
the aid df a magnifying glass i-iooth of a Segree can 
.easily^* 3 |e jead on these thermometers. 
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The calculWon is carriecJ out before by^aid of the 

equation C#= i]? which C represents tiie 

calorific value, x the water equivalent of the apparatus, 
t = the*gain in temperature, and w = theVeight of fuel 
used in grams. The value of x is* best determined as before 
by making a test with pure cellulose, naphthalene or carbon, 
and b^ inserting x as the unknown value in the above 
equation. Pure naphthalene has a calorific value of 9,622 
calories, ^ure celluk se of 4,200 calories, and pure benzoic 
acid of 6,329 calories. 

The Mahler-Donkin boftib yields accurate results with all 
classes of fuels, and when once fitted up with all th^ necessary 
accessories, tests can be made with it in from one half to 
one hour. The whofe of the apparatus should be dis- 
mantled and cleaned after each test, espccial*attcntioii Being 
given to the bomb, cylinder and cover, as the gold plating 
of these requires very careful cleaning and drying, if it is 
t’o last any length of time. Portion of the thin platinum 
wire used for ignition is generally fused during the corn* 
busfion, but the heat absorbed by this is included in the 
value^of X used for the water cquit^alcnt of the apparatus. 

In order to protect the platinum from the aotion of the 
fused ash of "the fuel, it will be found advisable to line the 
crucible or capsule with thin asbestos board, cut and shaped 
to fit the same. This asbestos board must of course be 
dried and ignited before use, in orefer to remove all combus- 
tible matter that might vitiate the test results. ^ 

The action of the acid gases produced by the combustion 
upon the gold lining can be minimized by the use of io*c.c. 
of water in the bomb during the test. The water ^erves 
to condense these gases as soot? as they are formed, and 
yields a dilute acicj solution, which is less corrosive in its 
‘ * action than the deposit of drops of mist formed when ^ 
water iS added. 

In spite of this precaution, the gold lining of the bomb 
. Type ofcaldtimeter is not durable. • As the result sobtgiincd 
witti a bomb, the gold lining of which is worn through in 
A hatches or is perforated pitting, are likely to be incorrect, 
it is advisaTjle to use^he bell type of calorimeter for regular 
" ' work, and^to employ the “ bomb ” only for testing standard 
V' 'fuels. A bomb lined with platinum of course solyes this 
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difficulty, but at the present priqp of platinum the cost of 
thi^ is prciiibitive. 

«• ^ 

The» EafERSOH Adiabatic Calorimeter. 

This is an American delign of “ bomb " calolimeter 



lERSON BORB CALORIMETER (SECTION). 


vacuums cup, similar to *that employed 
n “thermos"' flaslf, in order to obtain 
insulation of the bomb. Th? ordinary 
’ is sho#n in secti(}hal elevation in Fig. 2^, 
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Mobile Figs. 25 and 26 show the “ adiabatic " type of instru- 
ment. The bomb is made ^of carbon steel in \wo ecyLiah 
halreg, whfch are joined* togrthgr by a hea^yy steel nut. 
This design renders it more easy clean v^lien opened, 
and alio» makes the ignition Vire in the Small nickel or 
platinum dish containing the iuel, more accessible for 
manipulation than in the Mahler-Donkin ’ bomb. The 
lining# of the standard type of Emerson bomb is of spun 



FIG. 25. — EMERSON ADIABATIC BOMB CALORIMETER. 

nickel, and althoughthis is inexpensive and is easily rene^^d, 
it is not very durable, and a gold lining is preferable. Thh 
outer csfting of the adiabatic instrument is smaller than the 
other, since the water-jacket is dispensed with. 

: Although •the loss of heat is^alidost entirely prevented, 
by^e vacuum space in this type of bomb, it is still advis- 
^ able to keep th§ temperature of the water used in^he inner 
vessel as near that df the room as possible, in order to 
eliminate fntirely the heat losses. 

In making a test \^th this form of calorimetjfr, the 
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mechamcal stirring apparatus is hiii for a few ir((nutcis att^ 
iijimersion of the bomb in ordsr'to obtam equilibrium ol 
temperature, .After taking a ciraful reading of the ther- 
mometer, the«chalge is .fired in the usual manner, and the 
stirring apparatus is again ^worked until the mA¥imum 



• • 

temperature is reached. The difference between tjie two. 
readings gives the gain in temperature without any comni 
pHcated corrections for radiation losses— -and in this respect j 
the test results can be as quickly calculated as with the^ 
Darling '‘,i)ell calorimeter, used under the rapid coinbti^^ 
tioft condRions reqpmmead^S by the g-uthor. 




CHAPTER V. 

The Calorific Valuation of Liquid and Gaseous 
Fuels. 

T he increasing extent to )vhich liquid and ^sjseous 
fuels arc now being employed for power generation 
purposes, cither directly in internal combustion engines, 
or indirectly under steam-boilers, renders it necessary to 
consider the laboratory methods by which these types qf 
fuel can be tested and their heat value gauged. * ’ 

Liquid Fuels. 

As regards liquid fuels, the method used is similar to 
that employed for solid fuels. Small cylindrical compressed 
bldcks of pure cellulose, specially manufactured for this 
purpose, 15 mm. in height and 14 mm. in diameter;«are 
employed to soak up a measured volume of the liquid ^uel, 
the exact weight of liquid used being obtained by weighing 
the block before and after the absorption of the liquid* The 
saturated cellulose block is then burned in the bomb type 
of calorimeter, un^er the conditions, and with all the pre- 
cautions, described in the previous Chapter. A blank rest 
with tlfe cellulose alone gives the necessary data for the 
calculation. 

Liquid fuels contain only traces (rf acid-forming elements, 
ai^ the trouble arising from tlie formation of nitric and 
suq)huric acids is not m^perienced ; the gold lining of the 
bomb therefore will survive numberless tests of this character. 
. As regA*ds the special precautions necessary^ to obtain 
corrjet results, when tasting liquid fuels, it must be»pointed 
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out that the^^bsorbent ceUulose blocks sold for this purpose 
^bsorb*^ moisture as well as oil, and that it is necessary to 
dry^ them befpre use, for on^ eft two hours, in the air-b^th 
at 212° F. r ^ ^ 

When saturated with hear/y oils of high boiliijg;., point, 
they are also somewhat difficult to ignite, and it is advisable 
to place a little of the dry unsaturated cellulose in a loose 
condition around the platinum ignition coil of wire intprdes 
to avoid failure of the test from this cause. As the cellulose 
blocks are large in proportion to their weight and absorbent 
capacity, a larger platinum dish will be required than for 
the tests with solid fuel, and it is wise to arrange the platinum 
ignition wjre so that it holds down the cellulose block in 
its i)ro‘per position in the basin or dish, otherwise the explo- 
sive violence of the combustion may Iplow it out of the dish 
and ^ause an incorrect test. 

When testing oils of low boiling point, such as petrol 
and other light oils of this character, it is important that 
the final weighing of the saturated cellulose block shall 
be completed as quickly as possible, and that the block 
rhall be transferred to, and enclosed in, the bomb without 
loss of time. In order to efiect this rapidity of weighing, 
the platinum dish should be provided with a countexpoise 
—the dried'cellulose block should be weighed in the dish — 
and finally, the measured volume of the oil should be 
dropped slowly on to the cellulose from a small i c.c. pipette, 
until the requisite weigh| has been absorbed. The further 
conduct of the test is carried out as described on pp. 59-61. 
Since liquid fuels consist chiefly of hydrocarbons, a pressure 
of 400 lbs. should be employed when filling the bomb with 
oxygen, in order to provide a large excess of this gas, and 
to prefvent'* soot formation. 

A deduction is of course made for the weight of cellulose 
employed, before calculating out the test result. One gram 
oJ pure cellulose yields 4,200 calories on complete combustion 
in oxygen gas, and the compressed blocks weigh eac 5 i about 
70 gram. 

As •an example of the figures obtained in the test of a 
liquid ^uel, the following results of the determination© of 
the heat yalue of a creo§ote oil, oi 1*037 sp, gr.^at 15° C./ 
are given 
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Water equivalent of calflrifneter • 722 grms. 

Water used for test . . . 2500 grms. 

Total . 3222 ga:ms.* 

■ • 

Celluloee used for absorption • . *196 grifi. 

Cellulose used for ignition . ^ , ‘038 grm. 

Total . . . •234«grm. ==982*8 Calories. 

Oil used (*65 c.c.), . . . *660 grm. 

Temperature gain during test . 2*24" C. 

Heat-generated . 3222 x 2*24 = 7217*3 Calories (gross) 
Deduct heat value of Cellulose 982*8 

6234*5 Calories (nef) 

0234*5 X 1*0 = 9,361 Calories or 16,849 B.T. Units. 

" ^666 • Calorific value of the Oil. 

Gaseous Fuels. 

The determination of the heat value of gases can be 
carried out in the bomb calorimeter, but the difficulty of 
obtaining an accurately measured volume of the gas in ihh 
bomb without loss, and the very small volume that caft bT; 
accommodated for the test, has led to the design ajid manu- 
factitre of special forms of gas-calorimeter. Several different 
forms have been brought out, but two only will bewdescribed, 
namely — the Boys’ gas-calorimeter, which represents the 
standard instrument used by the gas companies in England ; 
an^ the latest American form of the Junker’s gas-calofi- 
meter. 

All gas-calorimeters are based on the same principle, of 
burning the gas under a steady and uniform pressufe in 
some form of standard burner, and of absorbing the heat 
generated in a vessel, through which a constant and uniform 
stream of water is flowing. They are flow calorimeters ” 
therefore, as opposed to the static condition obtaining# jn 
calorinj^ters used for solid and liquid fuels. The chief 
problems of their design and use are to obtain the required 
uniformity in the flow of water and, gas, and the absorption 
of the whole of the heat of the combustion gases.* The 
remarks made concerning the calibration of the thermometers 
used for calorimetric^ wdrk with solid fuels, apply to those 
used for ^as-calorimeters, and most exact measurements 
of the water and gas gmployed are of course nece^ssary in 
order to obtain reliable sesults. Tte gas yolume as n»easured 
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must also be^ corrected foi; temperature and pressure varia- 
tions. 

/The Boys* GAS-tAEORiMEiER. 

This instrufiient was designed in 1905 by the well-known 
English physicist, Prof. C. V, Boys, F.R.S., to meet thfc need 
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of the London Gas Cornfafiies which' had adopted a calorific 
standard, in addition to a photometric one, for tlieir g^s 
si*pplies. ^ The calorimeter* ia shown in section in Fig. 27, 
and the following description is dr ^wn •from- Boys’ paper 
before the Royal Society in* 1906.’ • 

A circular base (ri) carries thg gas-pipe and tap, terminat- 
ing in a pair of No. 3 union-jet burners, B. The top surface 
' is pnotected from radiation by a disc of bright metal which 
is held down by the screws which fix the three centering 
blocks C. ’In the base, a governor may be inserted, of an 
ordinary balance governor may be used instead, to counteract 
the variations in pressure resulting from the working of the 
ineter. ’ , 

On the three centering blocks C, rests a vessel D of Sheet 
brass with a centraUcliimney of thick sheet copper E. On 
one side, one inch from the bottom, a side Uibe F is fastened, ^ 
so that condensation water may drip from this into a measure 
placed to receive it. The vessel /) may be turned rounS, 
so that the drip tube lies in any direction with respect to 
the gas inlet. • 

Attached to the lid G are the essential parts of the calo'ri- 
meter. Beginning at the centre, where the outflow is 
sitiAted, there is a brass box which acts as a temperature 
equalizing chamber for the outlet water. Two*d;shed plates 
of thin brass KK are held in place by three scrolls of thin 
brass LLL. These are simply strips bent round like un- 
\^ound clock springs, and no attempt should be made^to 
prevent all leakage from one spire to the next, as a little 
will be advantageous in encouraging temperature equaliza- 
tion. For the same reason a little leakage from each* spire* 
to the one above may be allowed. I'lic lower or pendant 
portion of this box is kept cool by circulating water, the 
channel for which may be made in the solid metal as shown 
on the right side, by sweating on a tube, as shown oi^ the 
left. Connected to the water channel at the lowest point, 
by a union are six turns of copper pipe, such as is used in 
a motor-cv radiator. A helix of copper wire is wound round 
this pipe and sweated on to the same, in order to promote 
ite action in absorbing, the heat of the gases. A second 
pipe and«helix of similar pattern surrounds the* inner one, 
and is connected to it at the lower end by a qnion. This 

i^oyal Society Prac.* Sect. A., 77 , pp. 122-130. Fek. 8, 1906. 
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terminates af the other end in a Vlbck, to whiAi the inlet 
v^ater 15ox and thermometer holder are secured by a union 
as shown at 9- A similar quttet. water box Pi and ther- 
mometer holdjer 3F:e similafly secured above the equalizing 
chamber H. The lowest turns of the two coils M and N 
are immersed in the water, which in the first instance is 
put into the vessel B. 

Between the outer and the inner coils MN is* pla(jed a^ 
brattice made of thin sheet brass, but containing cork 
dust to act as a heat insulator. The upper annular space 
in the brattice is closed by a wooden ring, and tha*L end is 
immersed in melted rosin and beeswax cement, to protect 
it from an 5 j moisture which might condense upon it. The 
brattice is carried by an internal fl^ge which rests upon 
the lower edge of the internal casting B. A cylindrical 
^ wall 0 ^ thin sheej: brass, a very little smaller than the vessel 
D, is secured to the lid, so that when the instrument is 
lifted out of the vessel and placed upon the table, the coils 
are protected from injury. The narrow air space between 
this and the vessel Z) also serves to prevent interchange of 
heat between the calorimeter and the air of the room. 

The two thermometers Ifor reading the water temperatures, 
and a thifd which may be added for reading the temperature 
of the outlef air, arc all near together and at the same level. 
The lid may be turned round into any position relatively 
to the gas inlet and condensed water-drip, that may be 
convenient for observatiop'— also the inlet and outlet water- 
boxes may themselves be turned, so that their branch tubes 
poiirt in any direction. The instrument is convenient also 
"in its small height, the thermometers being comfortably 
read when the instrument is standing on an ordinary table. 

For 7eguW testing purposes, there is no need to use 
different rates of flow of water at different times. An over- 
flow water-funnel may therefore be fixed on the wall at a 
ednvenient height, and connected by iiidiarubber tubes 
with a supply tap from the main, and with the ohtlet 0 
of the instrument. A uniform rate of flow is most easily 
attained by the use of ’a (Jiaphragm in the supply pipe, 
which has been reamed out to allow the desired flow to p^ss 
through the instrument %ith the given hea^d. Jbere 
be no occasion afterwards to adjust tlfis. 

The flow of air to the burner is determined by the degree 
to which the passage is restricted a,l the inlet and outlet. 
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If the three centering ttotfks ar^made of material inch 
thick, and the gas escapes by five holes | inch fti diameter, 
m%dg in the outer portion df ihe lid, the flaines burn well, 
do not smoke, and an unnecessary gxcess bf air is prevented 
from liaising through the instiwment. A sixth hole may be 
provided for a thermometer, s^ placed as to measure the 
temperature of the outlet gases. 

• Tl^ object of measuring the condciTsation water is to 
find how much of the total heat is due to condensation of 
the steam, produced by the combustion and cooling of the^ 
water down to the temperature of the drip. If this is sub- 
tracted the result will give the heating value of the gas for 
operations in which the steam is not condensed^ and^ this is 
generally known as th« “ neij' as distinct from the “ grd^s " 
calorific value. , 

In order to prevent corrosion of the metal surfaces by 
the continued soaking action of very dilute sulphuric aci^ 
and dissolved oxygen, the whole of the coil system can be 
lifted up out of the vessel D when the measurements have 
been made, and placed in a jar containing a very dilute 
solution of carbonate of soda. • ’• 

Any deposit of lime that may be formed in the pipe 
syst(fm and equalizing box can be removed by passing very 
dilute hydrochloric acid through, and washing^ out with 
water. By these means it is hoped that the calorimeter 
will be rendered available for daily use and practically 
indestructible. * • 

’The watei contents of the coil and equalizing box of this 
instrument is only 3cv) c.c., and of the vessel D, up to* the 
overflow, 40a c.c. The designer justifies his inversion 
of the usual arrangement of a small gas-space and of large 
water-space, by stating that the latter leads fo irfegular 
outlet temperatures. In his opinion the gases should have 
sufficient space t» pass slowly through the calorimeifer, 
while the water should be taken rapidly through every 
channel, strictly in series, with the complete avoidance 
of parallel, flow. The small water-pipe used in his own 
design of calorimeter, fortified , with heat collecting ribs or 
wires, carries sufficient water to absorb the whole of the 
heat present yi the hcri gases. % 

Tests are given lowing that the form of construction 
advocatefl yields variations only of *01^ or *02° C. with a 
tot^ rise of 24° C., an^^ that in ffom 10 to 15 mimj^es after 
lifting up, tht calorimeter is giving* uniform readings, 
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When the (^ibic metre cubic* feot is emplo54d as basis ■ 
Qf the ^as ftieasurements, the gram calorie is too small, and 
the^’test re,su\,ts are usually px^r^ssed in large calotigs^^ . 

To convert cafories per' cubic metre into B.T.U.s per 
cubic foot, it is necessary to multiply by 3 -968/35 -3 *1123. 

To convert B.T.U.s per cubic foot into calories per cubic 
metre, the factor is inverted and becomes 25 *3 1/3 -968 = 
8-898. The calculation of the calorific value of the gas iso 
made by multiplying the volume of water flowing per 
;ninute, measured in litres (i litre = 1,000 c.c.), by the 
rise in temperature, measured in degrees Centigrade. The » 
product is then divided by the volume of gas burnt per 
minute, measured in cubic feet or in cubic metres -(i cubic 
foot* = 28-31 litres; i cubic metre = 1,000 litres). If ‘ 
greater accuracy is required the water, must be weighed, for 
the vplume varies with the temperature, and two litres of 
water af 25^ to 30° C. will not weigh 2,000 grams but rather 
fess. The gas consumed will also require a correction for 
the variations from the normal atmospheric temperature 
and pressure. Very exact and detailed information con- 
oerning the methods of carrying out the test with the Boys’ 
gas calorimeter and of the calculations necessary to obtain 
the gross 'and net calorific value of the gas are given in* the 
Notes publi^ed by the Metropolitan London Gas Examiners 
in 1909, and readers who require further information upon 
the use of the Boys’ Calorimeter are referred to that pamph- 
ki} 

• V 

TtfE Modified Form of Junker’s Gas-Calorimeter. 

t. 

The earlier form of Junker’s gas -calorimeter suflered from 
several, disadvantages, which are dealt with in Boys’ Royal 
Society paper (loc. cit.). 

The modified form now sold and used in U.S.A. is free 
froM some of these defects and is shown, with the accessory ' 
apparatus, in elevation in Fig. 28. On the left is an experi- 
mental gas-meter lined with tin, and provided with a large 
dial, and a thermometeu, by means of which the gas con- 
sumption can be measured with great accuracy to on^ 

1 One large calorie is the amount of heatorequired to^raise i kg. 
(or I -liti’e) oi wattr through 1° C. ^ 

. “ Metrop^itan Gas. “ Notification of the Gas Referee^ ’’ fnr th* 
H,M. Stationery Office, Lonc^n, 1909. 
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thousandth* of a cubic* foot. Between the -meter and 
the calorimeter vessel is a pressure regulator, designed to 
cpyect any pressure varijitienj that may occur in the i^aih 
supply. The calorimeter itself* is on the fight, and is 
a tall, -(cylindrical vessel of ijicct ‘copper,, holding about 
1,700 c.c. water. It is provided with two standardized 



therm(«neters graduated from 0° to 50° C. and divided 
into Alh degrees, for taking the temperature of the inlet 
and outlet#water. Although in tljis diagram the thermo- 
meters are shown at different levels, this defect is reiftedied 
irf the latest models of the instrument. The 'water-supply 
takes plate through^ the small vessel at a-h, th^ height of 
which cap be adjusted to give the flow required.. The main 
supply {a) to this cist^n should be capable of providing up 
73 


FUEL, WATER .XND GAS ANALYSIS 

to 3 litres pfr minute. The overflow pipe (b) from the cis- 
tern 19 arranged so that note can be at once taken if the 
through it ceases. Theflej^ble tube whieh copv^ys 
the other ov^Vflow (c) frofti the calorimeter proper, is con- 
nected in such, a manner tl^at the water may be, (greeted 
into the measuring vessel without splashing or loss. The 
stopcock at [e] is employed for regulating the flow of water, 
in addition to the«movable vessel at a-h. The smafl gra-* 
duated glass is for the purpose of measuring the 
^condensation water, due to the hydrogen in the ps. As 
^regards the combustion of the gas, a bunsen burner is pro- 
vided for burning gases of high calorific value, while a jet 
burner serves for poor producer and similar gases. The 
flow of ga^ should be so arranged that from looo to 1200 
heat calories are liberated per hour^ this being the best 
rate of absorption for the instrument. In order to avoid 
the rfsk* of explosions the burner should be lighted outside 
the calorimeter, and when inserted a distance of 13 to 
15 cm. should separate the flame from the lower edge of 
the socket. A throttle-valve is placed on the waste-gas 
^iisQharge pipe (g), and by means of this valve the amount 
of air passing into and, through the calorimeter can be 
regulated^ at will. This vent pipe must be guarded against 
draught, or«the inrush of cold air. 

When tkking readings with this instrument a position of 
equilibrium is allowed to set in, and after this stage is 
reftched the moment the pointer on the gas measuring meter 
passes the vertical number on the dial, the water flowing 
from the outlet of the calorimeter is switched into the measur- 
ing Yesselt— and the amount collected during one or more 
whole revolutions of the meter pointer is recorded, together 
with the time. During this period, which may be from one 
to five minutes, the inlet and outlet thermometers are read 
at regular intervals, and the average diff^ences in tempera- 
ture are used for calculating the test results. The following 
' is an example of the figures obtained with this calorimfter 

Gy consumed: *333 cubic foot. 

Water collected: I'qS litrel = 1*98 kgs. = 4*3639 lbs. 

Temp, of uiflow : 9*10° p. 

Temp, of outflow : 28'65® C. 

(Mean of six readings.) 

Gain in\emperature: 17*55® C. = 31*59® 

CakuiaHon : • 


74 



FUEi;. 

(i) *=,1^-2 kg. calories per cjbic foot 

^ ^2) ort — ^ =%4I5*5^B.T. Units per cubic foot 

Thes^ figures have not been corrected for temperature or 
pressure, nor have some of the other corrections, required 
for accurate work, been made. 



CHAPTER VI. 


The Practical Applications of the Test: Results. 

E ngineers who have never made use of the results 
obtained by laboratory tests of fuel, either in relation 
to their supplies of fuel or in the working of their boilers, are 
disposed tbbe somewhat scornful as^to the value of fuel test- 
ing to the practical engineer. 1 n their view the results obtained 
from steam-raising trials are alone worth depending upon. 
That this view is superlicial and incorrect is proved by the 
•fact that engineers who have adopted fuel testing as an aid 
in the work of boiler management rarely relinquish it, and 
as their knowledge of its usefulness extends, they place 
^qre and more reliance upon the laboratory test results, 
and less upon the steam-raising trials, in forming their com- 
parative* judgments of different fuels. When one rvnem- 
bers that the essential conditions obtaining during steam 
raising tSsts are never exactly the same ; that all fuels are 
treated alike although different fuels demand different 
ipethods of firing and different treatment as regards draft 
to obtain their maximuAi evaporative effect ; and that 'the 
fireman or engineer who is in charge of the boilers may very 
pro]?ably be receiving a bonus or present from one of the 
•fuel supply firms, this loss of confidence is not surprising. 
The ^alu^of comparative steam-raising tests as a guide in 
the placing of fuel contracts, or in the control of the fuel 
simplies is, in fact, greatly over-rated, aryl the larger number 
or these tests, as they are at present carried out, are not 
worth the time and expense entailed in obtaining ^hem. 

In the following pages the author will deal with three 
practical and scientific* applications of the test results as 
obtained in^the laboratory examination of fuels, and yill , 
show hovj, these can be utilized in-^ 
t. Placing fuel contracts. 

2. ^Conffolling the fuel supplies. 

3, Checking the evaperative efficiency of the boilers, 
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l/PLACi?ifc*tFuEL Contracts. 

• 

Contracts for the deli^cjy of large quantities of ^ucl 
invdMng t!ie expenditure of m^ny hundred* of pounds, 
ought always to be based upon the^ laboratory test results 
for the*i^asons already given.* The samplllig and testing 
of each sample load of fuel shouldLbe conducted as described 
in Chapters II III, and IV, both approximate and caloiific 
fests &ing carried out. 

If possible, a bomb calorimeter should be employed for 
the latter tests, since in this case the results obtained are’ 
reliable for all classes of fuel. Steam-raising tests can of 
course be made at the same time ; but the author has given 
reasons for doubting the value of these unless mucli* n'H)re 
scientifically carried out than is usual at present. The 
laboratory test results f)f the \’arious sample loads of fuel are 
then grouped as shown in Table I (see Appflmdix). • M the 
contract is to be based solely on cheapness, the decision is* 
easily made by comparison of the figures given in column 
10, These figures are obtained by dividing the calorific value 
multiplied by 2,240, by the price per ton in pence of the fuej* 
delivered in the bunkers. As a rule, however, the percent-* 
ages yf ash and of volatile matter ^fill have some influence 
upon the choice of fuel. Having eliminated iv^m the list 
those which are unsuitable owing to high ash contents, or 
to too high a percentage of volatile matter, the selection 
from those remaining in the list, of the fuel which yields the 
greatest number of calories per ^nny of cost is an easy 
matter. Provided that correct conditions of stoking and 
draft are employed in burning the fuel under the boilers, 
the fuel which gives the greatest number of caloric s*per 
penny of cost will prove the most economical in actuid use. 

That wide variations exist in the value of different fuels 
when judged by t]jis method is proved by the following 
figures, based on actual tests and prices : — • 

No. 1 . 68,544 calories per penny of cost. 

No. 2. 89,600 „ ,, „ 

.No. 3. 128,128 ,• „ ” * • 

Lancashire (No. 4. 1 19,168 • „ „ „ 

* bituminous No. 5. 148,512 „ „ ^ „ 

coalsi# • (No^ 6. *193,088 „ „ %„ 

The calbrie used in this table is the pound Centigrad*? 
mit,*aiid the above flares must* be multiplied by 1*8 to 
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obtain the ^corresponding valut jif British Tlf. Units. If 
burnt •and«r “ correct conditions ” to obtain the maximum 
effitiency, it is therefore evident tjiat the coal mgirked No. 6 
in the above list lA^ould prove the most economical in Actual 
use, for it yields^double the h^at units of Nos. i or 2 ^er penny 
of actual cost . If burnt in furnaces designed for Soutfi W ales 
steam coal, with a small 'combustion area, it is, however, 
possible that this No. 6 coal would not show this superiority^ 
and the author must once again emphasize the necessity for 
^adapting the furnace design, dimensions and methods of 
firing, to the type of coal which is to be burned,® if good 
results are to be obtained. The discrepancies which occur 
between the laboratory test results and those obtained in 
achiaf praStice are chiefly due to th^ neglect to observe tfiis, 
essentid condition for obtaining good results under the 
boilers. The sijbject of furnace design and control of the 
combustion process, however, is somewhat outside the 
^cope of this work, and readers must refer to the book 
named below for an adequate discussion of it.^ 

, Having selected a fuel from’ the smaller large number of 
jvhich sample waggons have been submitted for trial, it is 
advisable that the contr^t should be based upon the results 
of the laboratory tests, and that some kind of a slidin^scale 
relation befween calorific value and price should be arranged. 
The exac\ details of this will vary in the individual cases ; 
but the specification reproduced below is an example from 
actual practice of a fuel contract based on laboratory 
tests, with a sliding scale arrangement between' calo- 
rific value and contract price of the fuel. The fuel in this 
casd was a South Wales steam coal, delivered at 9^ per 
ton. 2 

supply of large welsh smokeless steam coal. 

SPECIFICATION AND CONDITIONS. 

ii To be Large Welsh Sraolftless Steam Coal, free 

Quality* from dust, to contain not more than 1 5 cent, of 

small, and to have a minimum calori& value of 
i3j 300 (thirteen thousand three hundred) British 
Thermal Units per pound of coal, admeasured by 
a calorimeter*approved by the Borough Electrical 
Engineer. • 

/ t 

2 Smoht Prevention and Fuel Economy, by Bo 5 th aftd Kershaw. 
2nd editions Constable, 1911. 

* This is of course a pre-war price, and ^ is doubtful if large South 
Wales stj^m coal will ever a|ain be quotgd at this figure. 
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2. l)uringHhe^ continuance of the mntract, tests 

Tests. will be made once etery week from^samjjles de- 

livered during that week, and if the mean of jouf 
tests during afiy^ month show tTi#,t the calorific 
value is below the sfandard, tWb ra^e per ton paid 
to the contractor ^r the whole oy,he coal delivered 
during that month, shall be less than the contract 
price as set forth in the “ Price Schedule " at- 
tached hereto. • 


3 

Right to reject 
Inferior cogl. 


.En|lneer*s 
decision to be 
final. 


Notwithstanding Condition No. 2 the Council 
reserve to themselves the right to reject any 
portion of the coal delivered, the tests of which* 
show that the calorific value is less than 13,300 
British Thermal Units per pound of coal. 

Should any disimte arise as to thc*accuyicy of 
tests, weights, quantity of dust or small, qualTty, 
or other matters whatsoever, the decision of the 
Borougfi Electrical Engineer shall be final^ and 
binding. 


PRICE SCHEDULE. 


Scale of reduction in price for lower calorific value than 13,^0®^ 
British Thermal Uaits. 


Per Pound. 

.A.t Pit’s 
Mouth. 

• Delivered. 

. • 

For a minimum of 13,300 B.T.U. the 
contract price 


s. d. 

9 7 

Belgw 13,300 but not less than 13,20® a 
reduction of sd, per ton . ' . . . 



9 2 

Below 13,200 but not less than 13,100 a 
reduction of lo^^. per ton .... 

_ 

8 9 

Below 13,100 but not less than 13,000 a 
reduction of is. ^d. per ton .... 

— 

• 

00 

• 


Clause 4 of this contract is obviously unfair to the Colliery 
Company, since an independent chemist or fuel expert 
ought to be appointed as referee in case of disputes. But 
otherwise tl]f specification has much to recommend it. 

Another method of working (jut *the price variation for 
differences in calorific value, has been recently^dopted by 
the city of J3hic^o in the purchase of 200,000 tor* of coal. 
The standard price in* this case was $2-30 per top of 2,000 
lbs. for a foal testing 13,000 B. Th. Units in the undried 
state* Allowing for th^ moisture dnd cost of remo\^g the 
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ash, this worked out to 100,000* "P* Th. Units for one cent. 

If the*B. Tn. Unit per cent, came out above or below this 
limit, the price of the coal varitd jiccordingly ; tjie principle 
underlying the contract befng that in all cases on^cent. 
should purch'asji 100, odb B,,Th. Units of heating value in 
the fuel. Thus at times the seller, and at times the buyer, 
was favoured by^the pridh variation, and the price asked 
and paid for the fuel was an absolutely fair one. ^ , 

The author believes that in time this last described 
method of buying fuel will apply to all large fuel contracts. 
The present method is grossly unscientific and uiffair alike 
to the buyer and seller, and the sooner it is replaced by 
another the better it will be for all concerned. . 

^n •dra\^ing up fuel contracts it, would also be welV to 
stipulate that the moisture and sulphur contents shall be 
kept well with[n the percentage shown by the test of the 
sample waggoji. Owing to various causes the percentage of 
‘moisture and sulphur in coal and slack may at times rise 
to a very high figure, and a[part from the foolishness of 
paying from 7s. to los. per ton for this water and sulphur, 
,th«re is the question of the heat which will be carried off to 
the chimney when the \yater is converted into steam in the 
furnace ‘of the boiler. As regards ash contents, it *vould 
also be we!l to reserve the right to reject deliveries of fuel 
showing *a percentage much above that embodied in the 
contract. But the increase in ash will always be accom- 
panied by a corresponding diminution in thermal value, 
and the variation in asfi contents is therefore coverecTby 
the sliding scale arrangement based on the result of the 
calc'rific tests. 

Though the freedom to reject coal below the stipulated 
thermal \Wue may be reserved to the buyer as in Clause 3 
of the contract printed above, in most cases it is , least 
troublesome to accept delivery, and to^laim the deduction 
in price under the sliding scale arrangement. Otherwise 
much trouble and expense may be entailed in connexion 
with re-loading and railway charges. 

CONTROLLIlfc THE FUEL SUPPLIES. 

The laboratory testiilg of fue> can be^ erngloyed most 
usefully to check the quality of the supplies of fuel from day 
to day anS from week to week. When the contrefct has been 
Ikased/ipon calorific value, this testjhg is of course ess^tial. 
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■It the contract has not Beert baseci upon tne refuits ot tne 
laboratory test of the sample waggon, no automltic feduc-, 
iion#iii price can follow sh©uRi ^his laboratory .examination 
of the daily and weekly samples yield bad insults. But 
the fact cithat the deliveries df fuel are lieing regularly 
sampled and tested will be knowij to the Colliery Company 
supplying the fuel, and will cause them to be more careful 
ifi the •selection and sorting of the fuel %ent. Complaints 
also based on the results of laboratory tests, will receive 
more attention than those based merely on firemen’s com- 
plaints, or upon a manager’s inspection of the fuel. As 
already stated there is good reason to suppose that the 
firemep. and sometimes the engineer in chargg, have a 
financial interest in keeping the fuel contract to one paiti- 
cular firm. Therefore.neither their silence nor their com- 
plaints can be accepted with any degree of {lecurity. ^lost 
engineers in charge of boiler plants, when attempting to 
make changes in their fuel' have experienced the apparent 
stupidity or obstinacy of their firemen ; and have had 
reason to suspect their impartiality as regards the fuels 
with which they are conducting trials. Even in the abseiKd 
of contracts based on calorific vaiue it is therefore well 
to hate this independent check upon the character of the 
fuel supply, for a fireman receiving doles or presents from 
.the Colliery Company is not likely to become very active 
in complaining of this fuel, when the deliveries fall off in 
qusjity. As a check therefore ^pon the supplies, the 
author advises daily sampling of the fuel either in the 
waggons and trucks, or during discharge into the storage 
bins. • 

When sampling fuel in trucks or waggons, it is^necessary 
to make allowance for the fact that the jolting of raflway 
or road transit causes all the fine coal and dust to fall to 
the bottom of the mass. To obtain a fair sample of cq^l 
from a r|,ilway truck is therefore a matter of some difficulty, 
aad in most cases it will be easiest to sample the fuel during 
.discharge. £oal conveyed in canal^ barges or by river to 
tee works, does not undergo a similar mechanical separation 
.into large and smalls, and in such cases theAad of fuel 
can .be saq^pled jf necessary in the barge. 

In all cases, however, the fairest sample can be obtained 
^teing discharge, ‘anc^ where conveyors and automatic 
plant are infuse, it is*a coniparatively^simple 
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matter to arrange that eyery fiftho tenth or twentieth bucket 
f shall *be tipped into a sample storage bin. If fuel from 
mdre than gne colliery is being fdelivered and eiised a^ one 
time in the rWorks, it wilfol course be necessary to have an 
equal number i of sample sterage bins. ^ ^ 

At the end of each day the fuel in these bins is crushed 
and sampled in accordance with the instructions given in 
Chapter IT, and the one pound samples are ,sent tp 
the laboratory or to the fuel expert for examination and 
test. It will not, as a rule, be necessary to carry through a 
complete approximate analysis and calorific test as de- 
scribed in Chapters III and IV, with each of these daily 
samples ; the determination of the moisture and ash in each 
b'eing sufficient to enable one to check roughly the quality 
of the coal being supplied under the contract. The daily 
san^ples are, however, retained each in their own sample tin, 
and once a week or oftener, an average sample is made up 
from these by weighing out 50 or 100 grams of each, and 
by thoroughly mixing the same on the sampling plate, or 
on a sheet' of glazed paper. A complete approximate 
analysis and calorific valuation is then carried out with this 
sample. Upon the results of these weekly tests complaints 
to the Colliery Company as to the quality of the supples and 
the variations in price of the fuel delivered under the con- 
tract are based. 

A book should be kept for entering up both the daily and 
weekly fuel tests. The results obtained during the de- 
livery of coal under any one contract will prove of ^reat 
value in fixing the terms for the next contract. 

Special samples of single waggons or trucks of fuel that 
appear to be of bad quality should be taken occasionally, 
for kt times the Colliery Company may become negligent 
in their supervision of the sorting and cleaning of the coal 
Ijrought up from the pit, and, as already pointed out, much 
dirt and shale can be sometimes sold as fuel. The author 
has tested fuels containing only 6 per cent, of ksh, from 
the same pit that produced slack testing up to 25 per cent, 
of ash, and some yeai% ago he was asked to report upon a 
saiiipJle of S;o-called coal which contained no less than 37’jfp 
per centj of ash. , ^ . c 

' These figvLtes prove the fallacy 6f the opinion held by 
jaany engineers that coal from one pit -or fromyine seam is 
6f and unvarying composition when delivered into 
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the trucks, and tliat it fs* ione i^cessary in ctrawing up 
fuel contracts to specify the pit or seam from Vhich the 
supplies are .to be drawn. . • ^ ^ 

' Fuef in fact, appears at present tb be the only material 
used in Jarge quantities, the saie anS delivery of which is 
still, in the majority of instances, conducted by rule of 
thumb methods. It is satisfactory to note, however, that 
in this«matter also, the methods of the }^st are being re- 
placed gradually by the more scientific and exact methods 
of procedure, outlined in this Chapter. 

III. Checking the Evaporative Efficiency of the 
Boilers. 

\\ith the aid of the figures obtained by the caforilic te^t 
of the average weekly pimple of fuel, as described in Section 
II of this Chapter, it is possible to make out a balance sheet 
for the working of the boiler plant, and to calculate the 
evaporative efficiency of the same with a high degree of 
exactitude. 

By evaporative efficiency is signified the percentage ratio 
between the total heat value of the fuel, and that utilized* 
in the conversion of water into steam. 

The^ther tests required for ascertaining this efficiency by 
calculation, are those^ showing the composition *aj;id tem- 
perature of the exit-gases. The methods of obtaining these 
will be dealt with in Chapters XI to XIV, and in this Chapter 
the method of applying the results j^vill alone be dealt with.* 
There are four directions in which the heat produced by 
combustion of fuel is dissipated in the furnace of a boiler. 

In the first place, a certain definite and fixed loss occurs 
by radiation from the exposed surface of the boiler and of 
the surrounding brickwork. This loss can be rou*ghly 
ascertained by drawing the boiler fires, closing the steam 
valve and feed water»valve, entirely cutting off the draft, an^ 
by noting the time required for a fall of lo or 20 lbs. in the 
pressure of the steam. As a rule, radiation losses account 
for from 7 5 per cent, to 10 per cent, of the heat present in 
the fuel. The figure when once ascertained for any one b®iler 
may be used as a constant in all the future hrfht balance 
calculation^ ^ • % 

The second direction in which heat is dissipatqid or lost 
in boiler w<frking is with the waste gases passing away from 
the b«iler flues to the chimney. The method of asdfertain- 
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ing and calculating this loss will he'descrited in Chapter XIV 
, This loss kay amount to from lo per cent, to 30 per cent, 
of •the heat yalue of the fuel feusned. . , 

The thir 4 direction of heat loss is by the ashes and cinders. 
The loss here is twofold, being partly due to the hf ^t carried 
by the ashes and partly that due to the unbumed carbon in 
the cinders. Once a week the ashes may be sampled and 
the unbumed caffbon determined by the method i^sed for 
estimating the amount of ash in the fuel. (See Chapter 
HI.) 

The total heat loss in the ashes and cinders sTiould not 
exceed 5 per cent., but it may rise much higher with chain 
grate -stokers when badly worked, or with untrained fire- 
ihen and hand-fired boilers. ♦ • 

The fourth direction in which hea^ is dissipated is through 
Thq^, boiler pla1,es. It is this portion of the heat alone which 
is the active agent in water evaporation and gives the 
evaporative efficiency of the boiler. It is ascertained by 
adding the three items of loss named above together and 
, by subtracting the total from the thermal value of the fuel, 

' ac determined by the laboratory examination of the same! 

The following is an example of this method of calculating 
the working efficiency of boiler installations : — « 

Fuel. 

Lancashire slack at 7s. bi^.^per ton delivered in bunkers. 
Heat units produced per pound by calorimeter test, 13,500 
B. Th. Units. 

1. ^Losses by radiation, etc. (10 per cent.) . . . 1,350 

2. Losses with exit gases up the chimney (calculated) 10 per 

,ccnt.*C02 and gases at 465° F 2,304 

3. Losses by unbumt carbon in cinders and ashes, and heat 

carried away in same (5 per cent.) . . . *675 

4. Converted into steam in boilers (by difference) • , 9,171 

* 13.500 

The efficiency of the plant, therelore, equal^ 9-171/13,500 
or 67 per cent. Itefns i and 3 are based on estimates or 
upon pr^ious test results, but these two itt?ms und^ 
ordinaij working conditions should not. vary more than, 
5 per cqnt. ** 

Should the analysis of the exit jgases show that qarlwnk 
oxid^^gas is present, t further eptry will be necessary Jii ’ 
^ A pre-war price. * 
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the above heat balance to»show tl^e thermal uifits lost by 
this failure to bum all the carbon to carbon dioxide.* Let 
us t^g, as an example of* this additional calculation, e\it 
gases containing 2 per cent, by volume of CQ and 8 per 
cent. CQa Since carbon, wheif burnt to carbon dioxide, 
yields the same volume of gas as v^Iien burnt only to carbon 
monoxide, the above percentages show that two-tenths or 
one-fifth of the carbon present in the fuel has escaped com- 
plete combustion. Now, as found by the approximate 
analysis, the percentage of fixed carbon present in the fuel 
was 60 per cent., and the thermal units liberated when 
carbon is burned to CO are 10,201 less than when carbon 
is burned to CO2 (4,343 and 14,544 respectively).^ ' ^ 

The loss of heat due to incomplete combustion in the case 
under consideration is therefore • — 
o*6o X ^ X 10,201 = 1,224 Th. Units, and the effigiemey 
of the boiler is reduced to 58 per cent, in consequence of 
this incomplete combustion of a j)ortion of the fuel. 

This additional loss is a considerable amount (9 per cent.) 
of the total heat energy of the fuel, and the calculation 
shows the necessity for keeping a close check upon the pre- 
sence of CO in the exit gases. Since the automatic recording 
instruiftents now in general use for checking the composi- 
tion of the exit-gases from steam-boiler plants do noj; record 
the presence of this gas, it is evident that independent Asts 
with an Orsat apparatus ought at times to be made, in (pder 
to check the presence or absence 04 CO. This gas is most' 
likely to be present when attempts are being made to work 
with a minimum of air and thick fires, in order to attain a 
high percentage of CO2 in the exit gases. Thus efforts *10 
reduce the heat losses due to excess of air, unless under a 
chemist’s control, may result in very considerable heat losses 
in another direction. The need for expert scientific control 
of the testing work ds therefore apparent, and automatic 
testing apparatus, though useful, is not an efficient substitute 
for the trained chemist. 

The subject of gas-testing will be dealt with at length in 
Chapters XI to XIV, but it majc be ‘pointed out here tfiat 
as fuel and gas analysis enable one with ease^nd a fair 
degree of to determine the thermal efiictency of 

the whole boiler installation, it is deserving of moce atten- 
^tion*than hate yet been a^jcorded to it by engineers in charge 
' of bdkr plants. In fact^ these test results enable oni at a 
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moderate 4%xpense, to -achieve Maily or weekly what at 
present is only carried out at long intervals of time and with 
much distupbance to the; usual A)utine, under tonditicms of 
working which cannot be regarded as normal. The money 
now expended upon specfal steam-raising and' efficiency 
trials, if expended in the way suggested upon regular testing 
work, would lead, in the author’s opinion, to far more 
valuable results, *and to a far better average of efficienc!^ 
than is attained under the present system. 



PART II : WATER. 




CHAPTER VII. 

• 

The Sources of Feed Water Supply and the 
Physical and Chemical Characteristics 
of the Same. 

T he water supply is only second in importance to that of 
fuel for the eilicicnt working of steam-toilers, ^nd 
an adequate supply oi pure water is an essential condition 
of cheap steam -generation. 

The dissoh^ed impurities present in varying ameumts in 
all natural waters separate as sludge or as. a scale inside tht? 
boiler, and the greater the amount of these impurities the 
more often will cleaning and scaling of the boiler be neces- 
sary. , * 

The water intended for use in boilers for steam-raisin^ 
purposes cannot, therefore, be too -free from impurity, and 
the generally held ()})inion that rain-water oi^ condenser 
water is too pure is fallacious. The corrosive i^ction ob- 
served with rain-water is due not to its purity but to the 
impurities, present in the form of dissolved gases. On 
heating the water these dissolved gases (oxygen and carbon 
diSxide) escape, and the pitting and corrosion found round 
the feed water supply pipe of boilers fed with rain-water is 
due to the chemical activity of these gases at the moihent 
of thdr liberation. The best method of expelling these 
gases before the water enters the boiler will be dealt with in 
Chapter IX. 

In addition to tbe gaseous impurities found in natuial 
water, there are present varying amounts of dissolved salts, 
and in some cases suspended impurities. The carbonates 
and sulphak^s of lime and magnesia are the most common 
dissolved smts, but chlorides and nitrates are a^o fouAd in 
some waters. The waters that are free froin suspended 
impurities and appear ttte most clear and sparklitig to the 
eye are no?, as a ruldj the most .suitable for use»in steam- 
boilers. Qhemical examination is always necessary before 
we Ctyi be certain that jt will be safe or advisable ft use a 
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particular \|^iter for steam-raising* purposes, without some 
preliminary treatment for removal of its impurities. 

The source «frojn which, tke w 5 ter is drawn ‘has mtfch 
influence upon the chasacter and amount of its impurity. 
Below, the genetal characteristics and composition "(if rain, 
river and well-waters are given, so far as these have any 
bearing upon the use of such waters for steam-raising pur- 
poses. 


Rain-Water. 

This is the purest natural water, for it contains only the 
impurities taken up by the water during its passage from 
thfli clouds •to the earth, namely oxygen, carbon dioxide, 
sulphur dioxide, soot and dust. In country districts rain- 
water is pften entirely free from fhe three last-named 
impunttes, and contains only comparatively small amounts 
6 f oxygen and carbonic acid gas. To obtain an adequate 
supply of such water for boiler feed purposes, however, in- 
volves the creation of large reservoirs fed by large catchment 
^regLS, and in most cases this is not possible for the ordinary 
works or factory, owing to the capital expenditure involved. 
Rain-water collected in towns or upon the outskirts ^f in- 
dustrial distsicts is, on the other hand, so contaminated with 
sulphuroifs acid, soot, dust and other impurities, that 
filtration and chemical treatment are necessary before such 
welter can be safely used in steam-boilers. For this reason rain- 
water is not often emploj^ed for feed water supply, except 
in those special cases where these two objections lose much 
‘ of their force and weight. It is quite possible, however, 
that rain-water might be used much more extensively than 
at present *is the case, for steam-raising purpose ; and that 
some thought and ingenuity expended by engineers in 
arranging catchment areas and storage reservoirs would be 
wdl repaid in the greater freedom of the boilers from scale 
and corrosion due to the impurity of the feed water usfed. An 
average rain water will contain less than two parts of dis- 
solve^ or suspended matter per 100,000 of wat^i:. 

'Surface a:nd Rivei> Waters. 

Rain-water after it has travelled any distance over the . 
,|ttrface of the ground either in cowitry or towft districts 
becomeif furtH^ coptaminated with suspended and dissolved 
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matter, and therefore less suitable for use in ^ilei;^ without 
some purification treatment. Here again the appeai^ince of 
wateV may be wholly deceptive anc^ chhmical examina- 
tion will alone reveal the najure and amoiml: of the impuri- 
ties •{?resent. In mountainous districts* the amount of 
impurity taken up from -the soil is small, and the surface 
water collected in the catchment arcii^of Lak(‘ Vyrnwy, in 
North Wales, or in the catchment area of Thirhnere, in the 
Lake District, for supply of the cities of Liverpool and 
Manchester respect ix i’ly, is remarkably pure and free frofn 
dissolved salts. As one com(*s down to 1 ow(T levels and 
approaches the neighbourhood of towns, the amount of 
dissolved and sus])ended matter in the snrftce viator in- 
creases considerably.* The following tests of the Liverpool 
water supply are iflteresting in this respect : — 

Parts per 100,000 of v^fater. 

Vyrnwy — Total solids in solution 4 ' 4 ^ Hardness 1 70 
Rivington „ „ „ 10-36 „ 3-90 

Vyrnwy is a mountainous district in North Wales, while 
Rivington is the old catchment area near Bolton., Ijjie 
influence of the neighbourhood of towns upon the purity 
of J;he supply is shown by the increase of dissolved matter 
from 4 46 to 10 36 pts. per 100,000. 

When the catchment area is formed by peaty iand a large 
amount of organic matter finds its way into the water, due 
to the gradual decay of the plant life which forms the peat, 
in such cases the surface watcr*will be coloured brown and 
may contain large amounts of organic acids. Surface waters 
coming from peat or moor-lands, even when colourless, 
should therefore always be examined by a cornpetent 
chemist before use in steam-boilers, for these ?)rganic acids 
are not detected by the ordinary reagent, litmus. 

Surface waters collected in chalky districts may contain 
large amounts of lime in solution^ either as carbonafe or 
sulplmte. In some cases the dissolved impurities present* 
in such surface waters may exceed in amount those found 
in well ^faters. The impurities present in surface^watp, 
in fact, vary greatly in differeht districts, ar^the geological 
formation of the suri^unding country has^u^h influence 
upon tife n£(t»e And amount of the impurities. As a 
general rule, surface waters collected in coufltry districts 
are pui^r than rive^ or well waters, and such Mj^ters may 
bffenbe usediiJ boildh without any preliminary pilrification. 

QT 
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River water the other.hand,*i^ usually contaminated 
witji the* drainage and refuse of the villages and towns 
situated along ite banks, and^th^ water, except wh€n talien 
from near the river’s source, is more impure than the surface 
drainage water v^^ich flows iifto it. The dissolved® salts 
may in some exceptional cases be less, but the suspended 
impurities and organic matter are nearly always greater in 
amount. * • 

River and canal water in coal-mining districts is very 
frequently contaminated with drainage from the mines, 
and this drainage water from the deep coal-measures is 
highly charged with calcium and magnesium salts. Surface 
or river .watej; in mining districts therefore should not be^ 
used Tor feed purposes without chemical'examination before- 
hand, and in nearly all cases it will be f®und that chemical 
treatmewt is necessary to render the water at all suitable 
for^ boiler use. In those cases where the contamination 
•with scale-forming salts is very l ad, the ordinary ioftening 
process will not entirely overcome the danger, for, .as pointed 
out in Section VI of Chapter IX., th ‘ softening process 
simply substitutes soluble sodium salts for insoluble lime 
and magnesia salts. Unless therefore the boiler is very 
frequently blown-down, the accumulation of sodium sul- 
phate and podium chloride in the water contained in the 
boiler, will become sufflciently large, to cause pitting and 
corrosion of the boiler plates, especially near the water- 
line.' As an example of th^, large amounts of soluble salts, 
contained in a chemically treated mine water, it was stated 
in a recent Colliery case (tried in the Vice-Chancellor’s 
dourt (5f the Duchy of Lancaster) that the water complained 
of, contained,, 700 pts. of dissolved salts per 100,000, chiefly 
in the form of sulphates and chlorides, and the plaintiffs' 
claims were based on the expert’s opinion that this water 
had paused the damage to their boilers. (See Cassiers 
Magazine, Nov. 1915.) ^ ^ 

As the river grows in width and volume the impurities, as 
a rule, increase in even greater ratio, and attain a maximum 
at the p®int wh-ire the river m^ets the tidal waters of the sea. 
Jlere sodium magnesium chloride are added to the list 
of dissolved^ salts present *in* the w&ter. It is therefore 
dangerous to*use water from tidal rivers* within five miles, 
of their mouth for steam-raising purjipses without daily 
^samnling Jhid testing for detection c?' these impuntiec ;. 
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^chlorides being *111081 dangerous salts to havejire^ent inside 
a steam-boiler. 

Spring an!) WfLL Waters* 

The water that has passed through arty considerable 
thiclAftss of the earth’s crust is, as a general rule, highly 
charged with dissolved gases ^nd salts. The greater the 
depth from which the water flows or ij pumped, the larger 
wiirbe the amount of these impurities. Carbonate of lime 
with the corresponding salt of magnesia is insoluble in 
pure Water, but the presence of carbonic acid in the wat 5 r 
renders these salts soluble. This acid is formed in the water 
by the carbon dioxide dissolved in its percolation through 
the upper soil and sub-soil of the earth’s emit. SuljjJiate 
of lime, on the other liand, is slightly soluble in pure water, 
and i,()(nj grams of water can dissolve 272 grams of calcium 
sulphate. Carbonates and sulphates of Iflne and mUgnesia* 
exist in large masses imthe earth’s crust. The nature and 
amount of the dissolved impurities present in well and 
spring waters therefore varies in diflerent districts, and 
water drawn from 300 feet below the surface in some dis- 
tricts will be much purer than water from a similar depth Tn 
other districts. Since the percolation through fhe soil re- 
moves all suspended impurities, and charges the water with 
dissolved gases, well and spring waters are generally clear 
and sparkling. Owing to the amount of gaseous and solid 
impurities they contain, these waters are, however, most 
unsuitable for boiler feed purposes, and they should never 
be employed if an alternative supply be available. When the 
local conditions are such that well or spring water must b§ 
used, a treatment by chemicals for removal of the gVeater 
portion of the impurities is essential to the* economical 
working of the boiler plant. 

The 3^eed for Water Softening. 

AlWaters, from whatever source, containing over fifteen* 
parts of solid matter per 100,000, should be submitted to 
chemical •and mechanical purifigation treatment, and as 
far as possible the boiler should be fed widi thef purest 
water which can be obtained in this way. -1^ fhe formation# 
of scal^nsiduJiciljrs ‘leads to so many evils, ind so dimi- 
nishes the efiiciency and life of the boiler, that in most 
cases thfe capital outlay upon and cost of working a softening 
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plant is a*wisj expenditure of morfev* and i* soon repaid by 
the savyigs in fuel and rcfpairs. * 

salts found in solution in ijatural waters may, in fact, 
be divided intb ^wo clBSsoB-^scale-forming and hon-sMk- 
forming. To the first-named class belong calcium car- 
bonate, magnesium carbonate, calcium sulphate anfl*mag- 
nesium hydrate. To the second class belong the following 
salts : Calcium nitrate ; magnesium sulphate, nitrate and 
chloride ; sodium sulphate, nitrate and chloride. * 

The carbonates of lime and magnesia produce what is 
Known as “ temporary hardness'* since it can be removed 
by boiling, while the sulphates and hydrates of lime and 
magnesia produce what is known as “ permanent hardness." 

I^is important to note that the accumulation of the no^- 
scale-forming salts in a boiler produce's evils nearly as great 
as those caused by scale. Chlorides decompose at tempera- 
•tures ^hich may^e attained in the boiler, and produce free 
chlorine, a most corrosive gas. The sulphates and nitrat:s, 
on the other hand, when present as concentrated solutions 
attack the brass and gun-metal fittings of the boiler and 
capse much trouble from leakage. When using feed water 
containing considerable amounts of these non-scale-forming 
salts, it is, therefore necessary to blow off the boiler at fre- 
quent inter^ls. This, of course, means loss of heat^nd 
diminution of its working efficiency. For these reasons in 
nearly every large works it will be found that economy is 
promoted by the use of a purer water or by the erection of a 
wa'ter-softening plant. • 

Sampling Boiler Feed Water. 

Th^ sampling of water does not present such difficulties 
as the sam^ing of fuel, but some thought and care must be 
expended upon the matter if fair and representative samples 
are to be obtained. 

TSie water in large tanks or reservoirs can be adequately 
sampled by stopping the flow of water from the inlej pipe, . 
using a wooden plunger to mix the water, and after waiting 
ten minutes, withdrawing one or more samples o^the water 
in Winchester quart glass » bottles, provided with well, 
fitting glass ^i^ppers. These bottles are rinsed out twice 
:witb the wfiter to be sampfed*; and ail3 thei^^d, u^til filled, 
in a vertical position with the mouth i inch below the 
surface of the water in the reservoy, or tank, dn large 
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reservoirs it is advisable to take samples from more than 
one position, filling an aliquot porKon of the botVe frqm each 
selected point, and a boat ij requisite in these cases foy tlie 
of sampling. * 

If the supply of natural water is^ known to»be quite con- 
stant ftfcharacter and composition, the sample may be taken 
either at the inlet or exit pipe of the tank or reservoir, but 
in most cases it is advisable at the samc^time to sample the 
whol? body of water as described above and to compare the 
test results. 

The sampling of water as it flows from the reservoir or* 
tanks to the boilers can also be carried out by automatic 
apparatus, and below a description is given of an apparatus 
which is in use at a Soap Works for this purjiose. • ^ 

Fig. 29 is a sectional elevation of portion of this sampling 
apparatus. A is an fron tank 24 inches in diameter by 36 
inches in height, provided with a run-off taf at the befttom. ' 
Above this tank a f-inch wrought-iron pipe branches from 
the main supply pipe to the boilers, and delivers the water 
into the tank A, by the J-inch diameter down-flow pipe 
marked B, and cock C. This cock is opened and closed 
by the lever D, formed of solid iron rod, and sufficiently 
heaw to fall into the position shown by the doJ:ted line, 
when the support at the point E is withdrawn. F is a 
wooden float 8 inches in diameter and ij inchesiin thick- 
ness, which ordinarily rests on the support H, and by means 
of an elbow lever and pivoted joint at G provides a support 
for the cock lever at E. When tlie tank is quite filled with 
water the float F rises off its support, the lever D is released 
at E and drops into the position of the dotted lines, ^thus < 
automatically closing the cock C and cutting off the supply 
of water to the tank A. • 

By arranging that the pressure of water in the J-inch 
pipe is not too great, and by providing a series of these 
tanks each with itf float and cock, it is possible to collict 
any ni^ber of samples of water, each representing the 
flow from the softening apparatus or to the boilers for an 
equal period of time. . 

The supply pipe must be bent,ias shown in Fig.^9, between 
each successive tank in order to make these fj^l m rotation, 
and by ^ of sk^k on the f-inch pipe where if joins the 
main to the boilers, the flow of water can be regulated^ so 
that eaclfof the tanks requires any pre-determined period 
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bi time tor filing. ’ A series of ^twelve* tanks may thu^ be 
made to cdtitain sampled of twelve or twenty-four hours' 
ifoii, and from these twelve t^nks either a general sample 
may be prepared by putting twelve equal portions int6 a 
Winchester bottle anf vigorously shaking, or any 
particular one may be sampled and tested as desifdd. 



This apparatus is of especial use in checking ^he work of 
softening apparatus of the,automatic and continuous type, 
since ler reasons given in the next chapter one canj 
: never be certain that>*,thl amount bf sobtoing clmmicals % 
’ correct, njd^ss regular and systematid sffipling mid testin^l 
^ are 
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The sampling ot from springs and artesian wells 
demands a different ^nethod• for here it^is ipiportant 
that the water should Ijse none of its dissolved gspes 
before ftsting. In this case, therefore, •the Winchester 
quart glass bottle is filled directly from the spring or well 
with*?k5 little delay as possi1)le. Care mhst be taken also 
to select a bottle with a particularly close fitting stopper, 
which should be tied down after the sample is taken. 
Sarfiples of well and spring water should not be exposed to 
sunlight and should not be violently shaken before testing, 
since either of these may influence considerably the amount 
of gaseous matter retained in solution in the water. 
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CHAPTER VIII. 

The Approximate A'nalysis of Feed Water. 

T he details given in the previous chapter relating to 
the sources of natural water supply, prove that all 
natural waters contain variable amount of suspended or 
dissolved impurity, and that in some cases these impurities 
may be present in very considerable quantity. 

For the purposes of the boiler engineer it is of importance 
to know the total amount and the general characteristics 
of these impurities, although the exaU determination of 
‘each individual chemical compound may be unnecessary. 
An approximate analysis of the feed water will supply the 
information required, since this may be carried out so as to 
yield the (i) Alkalinity or acidity ; (2) total suspended 
s,olid^, (3) total dissolved solids, (4) temporary hardness, 
(5) permanent hardness, (6) oils and fats: without the 
separate determination of the various salts that give ^ the 
water these* characteristics. An approximate analysis of 
a feed wa'cer, with strict attention to all the details of 
manipulation named below, may be carried out by an 
engineer after some little practice with the apparatus and 
methods described. A complete chemical examination, on 
the other hand, can only be carried out by a chemist skilled 
*in w^ter analysis, and no attempt is made in this chapter 
to deal with the methods by which the calcium and mag- 
nesium salts in water are separately determined. The 
engineer who attempts the approximate analysis of water is 
however advised "to practise with samples of water that 
ha^fe been submitted to independent tests by a competent 
expert before venturing to place much dependence upon his 
own results, since, owing to the use of volumetric methods, 
the work is more difficult than the approximate analysis of 
fuels. ' 

% 

I. ALKAlfklTY OR Acipijy. . 

Most natflral waters are slightly al)<aline, owing to the 
presence pf dissolved carbonates of theilkaline earlii metals. 
q8 
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buch waters colour neutral*litniu% paper a slightly blue tint, 
and give a pronounced canary yellow tint to methyl ^or^ngji, 
th« indicator usually empld^e^ for this work In ordfcr fo 
estimate the total alkalinity of^tl^i wat^r 200 c.c. of the 
sample taken as described in Chapter VII are filtered, if sus- 
pended matter be present, and .are measured in the flask 
shown in Fig. 30. This 200 c.c. are then emptied into a 
whiter porcelain basin of about 22 oz. capacity. The flask 
is rinsed out with distilled water, the washings are 
added to the liquid in the basin, and two drops of a con- 



FIG. 30 —MEASURING FI, ASKS. 


tentrated solution of methyl orange are also addfd to the 
wateJ. A standardized solution of hydrochloric acid of 
one-fifth normal strength^ is now added from a burette, 
drop by drop, with constant stirring until the colour of the 
liquid in the basin changes from canary yellow to orange 
and finally to faint pink, this last <:hange being taken as the 
end point of the reaction. 

The number of c.c. of the hydrochloric acid solution used , 
from the burette are then read ofi and the result is calcu- 
lated as parts of calcium carbonate per 100,000 tof water. 

In the case of water from peaty lands it will often be 
found that these give a slightly acid reaction, due to the 
decomposition of the organic matter of the peat, but that 
these organic acids are not revealed either by litmus paper 
or by methyl orange. Such waters, in fact, appear to be 
alkaline wilh the last-named indicjitor. It is necessary in 
the case of these waters, therefore, to use an al(^oholi(f solu- 

^ A normal solution contains the molecular weigh/of the chemical 
in grams, hi 1,000 c.Kj^oi water. A one-fifth normal solution yields 
a sharp end reaction in these tests, and is preferable to a'weaker one, 
blit the volume of soluflbn used mu^ be read off by aid of the 
MeniRJus (see Fig. 34 )* 
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tion of ph/nol-phthalein, as irfdicator, and to heat the 
2f>o of water after filtration and measuring, in the porce- 
lain basin before titrating witji the standard alkalksolutjon — 
carbonate of,sodh. , 

Phenol-phtha^ein is colourless with acids, but yields a 
purple red tint with the slightest excess of alkali, and the 
standard solution of alkali is therefore dropped in from the 
burette with constant stirring of the liquid in the basin, 



FIG. 3 1. —WATER-TESTING APPARATUS. 


until a permanent purple red colour is obtainejJ. The 
number of c.c. of the standard alkali solution used is ther 
read off and from this the result is calculated, ¥.ot as acid 
but as the alkali equivaTenteOf the acid present in the water 
Fig. -**31 shqtys the apparatus used for making these tests 
The burette holds 50 c.ef, each c.d divided in t^ths, ahe 
is provided with a glass stop-cock. Thestandara solution 
of add and alkali employed are contained in the gl^jiss bottlej 
shown ^ either side of the burette tand titration basin. 
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These standard solutions of acid and alkali Vre made as 
follows f» • 

< 31*5 grams of pure anlfycjrojis carbonate of sodi are 
weighed out and dissolved with the aid of boat in 25a c.c. 
of distilled water. This solutfon is then made up to nearly 
1,000 c.c. in the large measuring flask shown in Fig. 32 and 
is cooled to 15° C. before finally diluting to the mark on the 
neck,* and transferring to the stoppered* glass bottle shown 
on the right in Fig. 31. 

This solution is labelled Standard Alkali, the exact strength 
being placed on the label afterwards when the solution has 
been titrated with the acid solution. 

The latter is made by taking 40 c.c. of pure qpnceutrated 



FIG. 32. — ONE LITRE MEASURING FLASK. 


hydrochloric acid and diluting this to 1,000 c.c. after cooling 
to 15° C. 

This solution is now transferred to the other storage 
bottle shown in 3 ^ and is labelled Standard > Aqd. 
It is checked by weighing out very carefully -40 gram of 
the pui*e carbonate of soda (after drying half an hour in the 
covered platinum crucible at a dull red heat), dissolving this 
in the porcelain basin in a sniall* quantity of hot ^yater, 
diluting with a large volume of cold water# aifd titrating 
with the standard acici solution, using metlfyl i)range as 
indicatorf The chaige from canary yellow to faint pink— 
with orai^e as an imtermediate stage— indicates the end 
of the reaction. It wUl be found that about 20 c.c. of 
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the standar<J acid solution are ^eqhired to neutralize the 
•40 §»:afn of sodium carbonate, and the test is repeated for 
the sake of accuracy. Finally ^he standard a solution 
is itself checked, 'by measuring oh 25 c.c. in the pipette 



FIG. 33 . 34- 

TWENTY-FIVE C.C. PIPETTE. MENISCUS READING OF BURETTE. 


shown in Fig. 33 and Vy titrating this with the norma^ 
acid as before. 

The following are examples of this method of checking 
the standjird solutions 

1. HCl solution. •40grm. of Na^Cos used for each test. 

No. I required 19'8 c.c. 

« No. 2 ' • 19*9 c.c. 

Mean 19*85 c-c. 

It was calculated from this that 100 c.c. of the acid 
solution equalled 2*015 grms. NajCOj or j-goo grms. 
CaCOa, an^ these figures were placed upon the label below 
the descriptic?n. ^ 

2. NaJlJOi solution. 25 c.c. used foj^each test. 

* The ch^ical symbol for hydrochlori^^cid is HCl, for carbonate . 
of soda ^a^a, and for carbonate of lime CaCOa. 
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No. I required . • * . 241P c.c. HCl. sAution. 

No. 2 ,, • . 24*1 c.c. „ • 

% Mean . .• •. 24*05 c.c. 

• • 

• 

Fr(Mi this it was calculated that 100 «.c. of the alkali 
solution equalled 96-2 c.c. of jthe acid solution, or 1*937 
grms. NagCOa, or 1*827 grms. CaCOa. 

THesc values were therefore placed lij^on the label of the 
standard alkali solution. 

In testing waters the basin and burette must be well 
washed and rinsed with distilled water before each test, 
and the burette must also be rinsed with the standard test 
solution before it is filled for the actual titration. TJie level 
of the solution is be^ read off by holding a iJlack strif) of 
paper behind the m^^niscus, and by reading from the lower 
curve of this, as shown in Fig. 34. 

The following is an example of the calculation for water 
showing alkalinity 
Water used, 200 c.c. 

Standard acid solution required to neutralize it, 3*70 c.c. 

3*7 X 100,000 X *019^ ^ ^ . 1 * T 

' ^ ^ = 35’i5 parts calcium carbonate 

per ioa,ooo of water. • 

An acid water from peaty land gave thd following 
results 

, Water used, 200 c.c. • 

Standard alkali solution required to neutralize it, i*io c.c, 

i*i X 100,000 X *01937 , j. , ^ 

= 10*653 parts sodium carljonatc 

per 100,000 of water (as the equivalent of the (frganic acids 
contained in the water). 

II. Suspended Solid Matter. 

Water, from rivers and surface drainage generally, is 
often charged with suspended nlatter, and it is aj; times 
necessary to determine the amount of thm. A 4-inch 

• • 

' The*factor 9*5<7<jan be used in these calculations in place of 
100,000 X *019 
208 
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circle of ipeciilly prepared filter papfer is folded in radiating 
ribrfai|iion to promote quick filtrpitions, and is dried in the 
stoppered dryin'g l^ube for <one hour at 230° F/ Figf. 6 
shows the air-bath used, and Fig. 35 shows the tube 
employed for drying filters, tne stopper being of course 
removed during the application of heat. The tube and 
filter are placed in tl;ie desiccator and are weighed together 
when cold, the stopper being inserted in the tube to present 
absorption of moisture by the filter while being weighed. 



FIG 35. — ^FII^ER-DRYIiSG TUBE. 


The ^ter paper is now removed with small forceps from 
the tube, is placed in a funnel of suitable size with the 
least possible handling, or rubbing of the folds, and 200 c.c. 
of the water are measured and poured through it. The 
large sample of water must be well shaken before with- 
dra^ng 200 c.c. for this test. The filtei* with its contents 
is finally washed with cold distilled water, dried in the 
funnel as far as possible by suction, and is then removed 
carefully from the funneLand placed in the drying tube for 
the finM heating at 230® F. •The drying must be continued 
until a* constant weight js obtained. The gain in weight . 
multiplied ty 500 gives the parts of suspended m^ter per 
ioo,opo of water. . 

‘ TTic following is an example of tht figures obtained in 

thistest*:— 
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Drying tube 'and filtfeii and residue . , grma ' 

„ „ „ alone .* . . 12 067 

, • '• : 

Gain in weight t , . ' *055 grrfi. 

’055 ^5^0 =27*50 parts of , solid* suspended matter per 
100,000 of water. 

The colour of the dried residue upon the filter paper will 
^give some indication of its^compositioi-^ iron oxides being 
generally red, and clay or alumina compounds being slatey 
grey in colour. 


III. Total Solids. 

Jf the suspended matter has been separately determined 
by the method just described, the filtered sample of wjfter 
is used for this test. Should the suspended matter not 
have been separately determined, the unfil^ered wat^jr^ well 
shaken, is employed for the total solids determination. 
This is carried out by evaporating 250 c.c. of the water to 
dryness in a tared platinum basin. Fig. 36 shows the 
apparatus used for this test. The basin is 2*4 inches in 
diameter and holds 50 c.c. of water. The water bath is 
copper, inches in diameter, holds 1,000 c.c.,%is provided 
witn rings of various sizes, and is supported upon *a piece of 
iron guaze resting on a large tripod stand. , 

A bamboo or glass triangle with a long leg fitted into a 
cork which slides upon the upright of a retort stand is em- 
ployed as shown in Fig. 36 to capy a piece of glazed paper 
in order to protect the water in the platinum basin from 
dust or dirt. A large cork on the upper side of this dirt 
shield serves to hold it in its place. The platinum basin ' 
must not be allowed to touch the copper ring the water 
bath, but must be supported by three squares of filter 
paper, folded to form thick wedges and inserted between 
the basin and the* edge of the ring in such a way that, an 
annul£«r space is left for the escape of the steam from the 
water in the bath. The platinum basin must be thoroughly 
cleaned and dried by heating for five minutes in the air 
bath at 230° F. before weigliing.’ About 40 c.c. ^f the 
sample of water measured in the 250 c.c. jfla 5 k shown in 
Fig. 30 ^re then ^ourSd carefully into the^asin, already 
placed in position on the ring of the water bajh with the 
aid of tlie filter pa^r strips already referred to, and the 
evaI)oration is^commwiced. 
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^ , #* • 

It is advjfsable never to fill tiig 'basin Vithin J inch of 

the njnnf* since many salt solutions have a tendency to creep 
u^p and over Uie sides, when bfing evaporated dryn^s. 
It is also advisable to keej) fhe water bath in stead^, but 
not violent, ebuliition by regulation of the gas flame bgneath 
it. As the evaporation proceeds the remainder of the 
250 c.c. are gradually added,* and finally the 250 c.c. flask 



FIG. 36.— PLATINUM BASIN AND WATER-BATH. 


is rinsed out with distilled water, and the washings are added 
to the liquid in the basin. The platinum basin is^kept upon 
the water bath until the'resjdue of salts is apparently quite 
dry. 'it is then removed, the bottom of the basin is care-r 
fully cleaned *and wiped dry, any 'deposit being removedl 
by aid of Ijydrochloric acid and a wet*tCwel,' and the basin 
and its contents are heated for three ]^urs at 300® F. in the 
air batli/ The desiccator'must be enjployed during th^last , 
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stage of cooling, •beforei weighing, as perfectly salts are 
always hygroscopic. The increase in weight of th^ basin, 
m^^ltiplie^ by 400 gives tjief^arts of solid matter per io< 5 ,o®o 
of Water. 

The; following is an example of tile figiirej Obtained in the 
test : — 

Platinum basin and residue from 250 c.c. of 
unfiltercd water . . . . * . 26 165 grms. 

Platinum basin alone .... 26 023 „ 


Weight of residue *142 grm. 

•142 X 100,000 . o X f 1 -j .LX i- X 

= 56 '8 parts of solid matter for 100,000 of 

water. 

Should it be destred to find what proportion of this 
residue is present as organic matter, the basin and con- 
tents are lieated to redness for five minutes upon a platinum 
wire .support over a large Bunsen burner, the change in 
colour being noticed during the further heating. “Organic 
compounds darken and char under this treatment. The 
basin is then allowed to cool, the residue is moistened Wifl! 
a s^ution of ammonium carbonate in water to ^reconvert 
the oxides into carbonates, and the excess oi ammonium 
carbonate and water is then driven off by application of a 
gentle heat. Care must be taken during this operation that 
the basin and its contents do not approach a red-heat, 
Otherwise the calcium and magnesium carbonates wiirbe 
again reconverted into oxides. Finally the basin is cooled 
in the desiccator and again weighed. The loss in weight 
by this treatment, multiplied by 400, gives the parts of 
organic matter per 100,000 of water. t 

The following is an example of the figures obtained in this 
test : — 

« 

B»sin and residue after drying at 300° F. . . 26*142 

Basin and residue after ignition and treatment 

with ammon. carb. 26 120. 

• — 

Loss by ignition • . • , ^22 

m t 

*022 X *100,000 -»<-o X r • XX * 

^ — = 5-80 parts of organic matter per 100,000 

offwate^. 
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IV. AijD V? Temporary ANDTtRMANENt Hardness. 

• •• 

•Thi temporyy hardness of \fat«r is caused by thej)i[i- 
sence of carboyate% of liiye Jn8 of magnesia in solution ; per- 
manent hardnesa is due to thtf corresponding sulphate and 
oxides of these two element^ . The Clark test for hardness 
is carried out by shaking the water before and after boiling 
with a standard sftap solution, and by measuring* the 
volume of this required to produce a permanent lather. 
The Clark or English degree of Hardness represents the grains 
of calcium carbonate in one gallon of water, ^ while the 
French degree of hardness represents the parts of calcium 
carbonate in 100,000 parts of water, and the German degree 
of Ifarcfness fepresents the parts of calcium oxide (CaO) fn 
100,000 parts of water. The Clark tes^ for hardness is not 
,very ^^isfactory, although still generally employed in this 
country. The results obtained vary within wide limits, 
and are much too dependent upon the personality of the 
tester. vFor this reason the Clark test with soap solution is 
now giving place to the more scientific ones described 
IJelow, in which the weight of calcium and magnesium car- 
bonates and of calcium and magnesium sulphates as de- 
termined by the approximate analysis are used for calculat- 
ing the degrees of hardness of the water. 

The alkdinity, test already described, yields the English 
degrees of hardness, if the parts of calcium carbonate per 
100,000 of water as ascertained by the c.c. of standard acid 
solution used, be multipliSi by 7. 

The following is an example of the figures obtained in this 
'test 

200 c.c. filtered water took 37 c.c. of standard acid 
solution, using methyl orange as indicator 

? . / — 24-61 English degrees of hardness. 

The expression — ^ can be reduced fb the 

factor~6-65— <0 simplify the calculation for temporary 
hardness. The c.c. of standard acid solution used, multiplied 
►by 6-65, then^^ves the temporary hardness in English . 
degrees. ♦ ' ‘ * 

^ This figure was chosen by Clark becau^ in his day the gallot^ 
was the s^ndard of volume. "There are 70^000 grains in o^te ga])on. , 

108 



WAT5ai 

*• 

The Permancfk Hardfngse of water can be approximately 
ascertained by aid of the result^ obtained in the testj’for 
total sohdiS, if the filtered water has been u^d for car/yi^g 
out ftiis test, and no organic nfhtter^be present to complicate 
the cakulation. 

The results of this test expressed in parts per 100,000, 
multiplied by 7, will then giv6 tlie total hardness in English 
degrees, and the difference between tho total hardness and 
the temporary hardness yields the permanent hardness. 
Taking the figures given in sec tions i and 3 of this chapter 
as an example we have : — 

Total solids, 56*8 per 100,000 of water. 

56-8 X 7=397 parts CaCOa per 70,000 of water, or total 
hlrdness in English degrees. 

The temporary hajdness of this water as found by test i 
was however 24-61 degrees, and 3976 less 24-61, gives,i5-i5 
as the permanent hardness expressed in English degrees. 

It is safer, however, to make a special test for the sul- 
phates and oxides which produce permanent hgurdness. 
This is carried out as follows : — 

100 c.c. of the filtered sample of water are taken ^nd 
evaporated to dr5mess on the water bath in the platinum 
basin with an addition of 25 c.c. of the standaKi sodium 
carbonate solution. This treatment decomposes the sil- 
phates and oxides and converts them into carbonates. 
The residue is dissolved in distilled water and is gently 
heated. The carbonates of lime and magnesia present .in 
tlie residue are left insoluble, ^hd are now removed by 
filtration. The filter and its contents are well washed with 
warm water to remove the excess of alkali. The fiVtrate 
and washings are collected in the porcelain basin shown in 
Fig. 31, and after cooling are titrated with tKe standard 
acid solution using methyl orange as indicator. The amount 
of acid solution required to neutralize the carbonate of soda 
remaining in the filtrate, enables one to calculate how much 
has been used for decomposing the sulphates and oxides. 

The following is an example of the figures obtained in this 
test ^ , 

100 c.c. of the filtered water were evaporaJed*with 25 c.c. 
of standard alkali solution. • , 

The filtrate and*washings required 22*5 c.c. of standard 
acid solution to neutralize the excess of alkali.* 

Now 5 s 100 c.c. oj the alkali* solution is equivjdent to 
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I* • 

^3 • ^ q6*2 

96-2 c.c^ of tne acid solution, 25 c.c? equals — = 24*05 c.c., 

afid 84*05 — 28*5 = 1*55 ^.c.^ This is the volume of ^ acid 
correspondin^to ftie carbonate of soda which has disappeared 
in this test. • * 

The calculation for the pennanent hardness is therefore 
as follows : — 

♦ • 

1*55 X *019 X 70,000 /: X / 

— LJ. — = 20*6o parts CaCOa per 70,000 of 

water. 


The expression can be reduced to the 

100 

factor* 13*3 •co simplify calculation. -The c.c. used, multi- 
plied by 13*3, then yield the permanent hardness in English 
degr^fs. % 

It is’*possible to make the standard solutions of acid and 
alkali of such a strength, that the degrees of hardness can 
be read, off directly from the c.c. of solutions used in making 
the test. 

•••U is, however, somewhat troublesome to make a solution 
of hydrochloric acid, 100 c.c. of which shall equal exactly 
*143 gram of CaCOs, and another of carbonate of soda, * c.c. 
of which shMl exactly neutralize i c.c. of the standard acid 
solution. ‘Moreover, such weak solutions yield very in- 
definite end reactions, and hydrochloric acid solution is 
liable to change in strength when above or below a definite 
limit of concentration. The writer has therefore thought 
it best to show how solutions of approximately one half 
'normal strength may be applied to water testing, without 
alteration. As already pointed out, by the use of single 
factors for \he fixed vdues of the calculation, the labour in 
calculating the temporary and permanent hardness of the 
water is reduced to a minimum. ^ 

Tn works where many water analyses are made in the 
course of a day it will, of course, be found advisable tb make 
these solutions in large quantities at once and of such a 
strength that calculation is altogether avoided! In such 
cases when using 100 cx. of Valei.* for the hardness tests the 
• solutions sJioui& have th^ fqllowing, values 

100 c.c. standard acid solution = *553 gram CICO3. 

"100 c.c. standard alkali solution = loo c.c. standard acid 
solutioiy • 
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’No simple apparatus e^.be put into the hqnd^ of the 
fireman or boiler engineer which ^^ill enable him to tie^er- 
ming for higasclf the degree ^f hardness of th^ feed wajEer.? 
The use of slips of neutral litmu^ pkper (this* is sold in books 
by cheipical apparatus dealers)* will afford SQme indication 
of the character and purity of the water supply, but exact 
chemical tests carried out as Ue'seribed, arc necessary in 
^rder to obtain any information of real \'alue to the boiler 
engineer. 


VI. Tests for Oil. 

Oil is a most dangerous impurity in boiler feed water. 
When using water from condensers for boiler purposes it is 



FIG. 37. — SEPARATING FUNNEL. 

therefore always advisable to test the feed occasionally, in 
orda* to find if any oily or fatty matter be present. 

The sample of water should be cooled before testing and 
then shaken vigorously with one-fifth of its volume of petrol 
or of petrol ether in the type of separating-funnel shown in 
Fig. 37. The liquid is then allowed to stand fifteen minutes 
in the funnel supported in an uprigfit position in a retort 
stand, the water is run off by tht separating cock, and the' 
petrol or ether solution which floated on the wj^ter and con- 
tained all, the oil an^ fat, is run into the porceldin basin 
shown in Fig. 31. Ais is placed upon the water bath 
which is filled mth. hot water but has,no lighted lamp beneath 
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it, sinct pftrol or ether vapour^i® a molit inflammable gas 
aijji all lights should be* extinguished in the room where 'it 
is present. ,The petrol 'or other evaporates ^uickly^ and 
leaves the oily ©r fatty rftafter as a residue in the baSin. 

If desired this test can bt made quantitative in/Jiaracter 
by using 250 c.c. of the water for the test, and by transferring 
the solution of the fat to 1 fie 'weighed platinum basin towards 
the end of the evaporation. The large porcelain barfiin an(f 
the separating funnel must in this case be rinsed out with 
the same spirit, and the rinsings added to the solution in 
the platinum basin. 

The oily residue in this, after heating for some time at 
212° F., is finally weighed. 

• To distftiguish between animal or vegetable and miiferal 
oils the residue in the basin should be heated on the water 
balj^ with a strong solution of caustic potash. Animal and 
vegeTable oils saponify (i.e. yield a soap) under such treat- 
ment, while mineral oils remain unaltered. 

Th^ presence of oily and fatty matter in boiler scale can 
be detected by heating the sample of scale to redness in the 
>*pUtinum basin. If charring occurs or if a disagreeable 
odour be noticed, some organic fatty compounds are pro- 
bably present. Fats and oils of animal or vegetable#origin 
are more dangerous lubricants for engines than hydrocarbon 
oils of the paraffin class, since the former contain oxygen, 
and yield organic acids when decomposed at the high 
temperature occurring in the boiler. 
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CHAPTER IX. 


The Practical Applications of the Test Results. 

I. Frequency of Sampling and Testing. 

T he feed- water from whatever source, used for the 
boilers ought to be sampled regularly, at shorter or 
longer intervals according to the nature of the supply, 
afid these samples ought to be tested in acc^rdande with 
the instructions given in Chapter VIII.. 

In the case of surface, canal and river warters the amount 
of impurities present in the water will be high during the 
dry season, and also after the first heavy rains at the end of 
such a season. At such times therefore the sampling and 
testing of the water should occur at least once weekly, or 
oftener if this be possible with the laboratory staff availablf* 
for the work. During the winter and spring after the dry 
accumulations of the summer have been washed away, 
surface and river waters do not show such large amounts 
of dissolved and suspended matter, and at th&e periods 
of the year a monthly examination of the feed water will 
suffice. ^ • 

* Well waters, and waters dra#n from large catchment 
areas in mountain districts and stored in artificial lakes, do 
not, on the other hand, show such marked variation ki the 
amount of impurity at the various seasons of the year ; 
and ih the case of such waters, a monthly or quarterly 
Examination of the water is sufficient. 

II. Oil. 

any portion of the boiler feed be drawn from tne 
condenser* water this ought to be specially sampled daily, and 
tested for oil in the manner ajready described. In ^kiljed 
hands the test will not require more than yventy minutes « 
;to carry out, and the Asults obtained may save ^ery heavy 
expendifure upon toiler repairs at some later date. If oil 
Jhj discovered in appreciable quantities the water should be 
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rejected iqr i{]iaking up the feed, or jhdUldjbe put through 
a softerjing |^lant. In this cas^ ‘=the calcium carbonate 
which is precipitated in flocculent form will enclose and 
carry liown the oij particle? ; ,and the softening flant wih, 
in fact, act as a chemicai oil purifying plant, and save the 
cost of the latteV. 

Even wh^n specially erected' oil separating plants are in 
use it will be foun^d advisable to pass the effluent from 
the^e through the ordinary softening plant as well, in order 
to remove the last traces of oil. The water as it enters 
the boilers should also be examined daily for oil, and every 
effort should be made to keep the feed entirely free from 
this most destructive impurity. 

III. Alkalinity and Acidity. 

c 

Allnvaters colitaining carbonates of lime or magnesia in 
solution give an alkaline reaction with litmus paper and 
methyl orange, and as already stated the alkalinity test 
is a Measure of the temporary hardness of the water. 
Waters showing more than five English degrees (5 parts 
’CatOa per 70,000 of water) of temporary hardness ought 
to be submitted to the action of softening chemicals before 
admission* tp the boiler, otherwise these carbonates «will 
separate ipside the boiler, in the form of scale and mud. 
Lime water is the chemical solution employed for removing 
temporary hardness. The chemistry and practice of the 
linle-softening process wil^L-be dealt with in the next chapter. 

Acidity in feed waters generally arises frcm the presence 
of organic acids, and waters of this kind should not be used 
if any other source of supply be available. Should it be 
necessary to use such waters, the acidity must be neutralized 
with lime br with sodium carbonate, before the water is 
permitted to enter the boiler. The calculation of the 
amount of alkali required is easily made from the results 
of the test with standard alkali solution. The following is 
an example : — 

250 c.c. of the water took 1*4 c.c. of the standard alkali 
solution (100 c.c. = i'937 gyms. Na2Co3). 

‘OI §37 X 100,000 o XT 

' o ~ ' 

Each 10O9OOO parts of water will require therefore 10-847 
parts of sodium carbonatp— that is every 1,000 cubic ieet 
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will require —^ ,= 6-9 lbs. 0^9^ percent, 

alkali. 

IV. Suspended Solid Mattei^ 

• • 

Water which contains mofe than five parts of suspended 
matter per 100,000 of water, should be filtered or allowed 
to settle in large tanks, before admitting to the boilers. 

Sand filters with a downward flow are the most suitable 
for removing suspended impurities, since these can be quickly 
cleansed by washing out in the reverse direction with clean 
water. When softening plant is in use, special filtration is 
unnecessary, for the suspended matter in the untreated 
water is carried down, with the carbonate of liJne ; and •the 
only danger in such cases is that this lime is not allowed time 
to settle. The wat^r from the softening pfant ma^ there- 
fore at times contain suspended carbonate of lime, the 
remedy for which is a larger softening plant. As a rule the 
precipitation of lime and other insoluble matter in » water 
softening plant occurs more quickly with hot feed water, 
aftd it is advisable, wherever possible, to use heated watei^ 
in the softening plant, and to take the necessary steps to 
avojd loss of heat during the settling process. Water in a 
vessel exposed to the outside air will necessarify lose much 
heat by radiation, and the convection currents*set up by 
this loss will interfere with the settling of the insoluble 
matter. 


V. Total Solids. 

The total solids in feed water should not exceed 20 parts 
per .100,000, and whfere this limit is exceedec^ the water 
must be submitted to the action of softening chemicals. 

The principal salts found in feed water are the carbonates 
and sulphates of lime and magnesia, while the chlorides 
of thesq^elements and of sodium occur seldom and in smaller 
amount. The danger of large amounts of sodium chloride 
being present at times of flood tide in water drawn from 
tidal rivers, has already been referred to ; and for boiler 
plants located in such positions it is necessarji to have some ’ 
means for quickly noting the change in the character of the 
water supply. % 

The chemist in charge, in such cases, either should test the 
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waiter dailij^ ai fuir tide for chlori(jes„oi* should provide the 
fireman. in charge of the •boilers* t^rith a salinometer of a 
rdiatle type. test based on ^he use of capsules of silver 
nitrate containing; a weighed, quantity of this %alt with 
potassium chromate as indicator, may also be devised for 
showing when the feed contains more than lo pSrts of 
sodium chlbride per 100,00 Of water. 

As regards the treatment by chemicals for removal of 
the total solids, this subject will be dealt with at length 
in the next chapter, and it is only necessary to state here 
that carbonate of soda is the chemical usually employed 
in conjunction with lime. 

VI. Temporary and Permai^ent Hardness. • 

Waters testing above 15 English (\egrees of temporary 
and permanent hardness ought not to be used without 
chemical treatment in steam-boilers. 

The heat losses and disadvantages resulting from the 
formafion of scale are so great, that in nearly all cases in 
large works a positive saving results from the installation 
W softening apparatus.^ Permanent hardness, i.e. that 
due to sulphates of lime and magnesia is the more dan- 
gerous, silic^ these salts form a more compact and adharent 
.scale thap the corresponding carbonates. The removal 
of hardness by chemicals will be dealt with in Chapter 
X, but it may be remarked here that the removal of 
permanent hardness is only effected by substitution, and 
that an equivalent amoiJnt of another salt remains in solu- 
tion in the water. The lime and magnesia sulphates are 
con^?erted into the insoluble carbonates, while the sulphuric 
acid radicle remains in the water, vq. the form of sodium 
sulphate, k very soluble salt. 

Where waters with a high permanent hardness test are 
employed for boiler-feed purposes, the ^tal dissolved salts 
will therefore always remain high even when a softening 
plant is in use, owing to the presence of this sodium Sulphate. 
In such cases it is advisable to blow off the boilers oftener 
than* would otherwise be -required, since a concentrated 
solution of Mum sulphate at high temperatures is corrosive 
in its acttpn upon th^ gun metal and brass fittings of th^ 
b^per. . . 

* A iuch in ^ckness is the limit that ought to be 
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In all cases jt iS fact advisable to tesLth^ water re- 
maining in the boiler art Veekl}* intervals, arfd to.blow off 
the boiler when the totd dissolved matter exceed^iajso 
parts pef 100,000 of w^ter. , • . * • 

The Appendix contains soyie typical tests of feed waters. 
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The Use .of Softening Ke-Agents and the Tests 
Necessary Jo Regulate their Amount. 

1. Advantages of Softening. 

T he importance of pure water for the supply of si 
boilers has only been recognized in recent ] 
and the giegit extension of the water-softening ind 
since 1895 is largely due to this fact. There is some danger 
now, however, tjiat boiler engineers may run into the other 
extreme, and that they may by unwise use of softening 
re-agents produce greater evils than those they desire to 
* remove. 

A witer containing chemical salts in solution is just as 
likely to produce harmful results inside the boiler, when 
lliese salts have been added by the user for the purpose 
of purification, as when they occur naturally. The ex- 
cessive use of caustic soda and sodium carbonate in mftny 
boiler plants is undoubtedly responsible for some of the 
corrosion of boiler plates and fittings.^ For steaming pur- 
poses a water containing little or no foreign matter in 
su^ension or in solution •‘is desirable, and the purer the 
water is, the more free from trouble will be the boiler, in 
which it is used.* Even dissolved oxygen and carbonic 
acid may produce much harm when liberated inside a 
boiler, and a large proportion of the pitting of boiler plates 
noticed jus\ above the entrance of the feed water supply 
pipe, is due to these gases. The water used for steam 
generation in steam boilers should therefore be as free from 
solid, liquid and gaseous impurities, as it is possible to obtain 
it. As already stated in the previous Chapter, wafer con- 
taining more than 20 parts total solids per 100,000 of water, 

* c 

* Sle abstract of pap^ upon The Action of Slightly Alkaline 
Waters upon. Irin^ read oefore the Society of Public Analysts by' 
Messrs. C^bb and Amaud, Mechanical Engineer, January* 13, xpo6. 

* The ofunion of engineers that pure wa 4 r is corrosive is wiung, 
and is ba^ upon the presence of dissolved gases in tfie^aoicalled 
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or 15 degrees af tdta^ hardness, ought to be fujified before 
use. • • • ^ ^ . 

The treatment of the, water with softening cheAieals 
^Tiould Sccur in special apjiaratus out^de the boiRr. To 
carr]^out the softening treatment inside the*boiler, is likely 
to aggravate some of the evils it is desired to avoid. * 

The proper control of the* feed water of the bcJiler, can only 
be exercised by aid of systematic ar^d constant sampling 
and testing of the water as it enters and leaves the softening 
apparatus. Occasional tests of the feed water before and 
after softening treatment are useless. 

In the first place the character of the supply may change 
from week to week and even from day to day. In many 
localities the rainfall is the chief agent in causing, this 
variation in the amount of suspended and dissolved im- 
purities present in •the natural water supply, in others the 
dictum of the city water engineer, who, as a rule, h2ls more 
than one available source of supply. Secondly, the soften- 
ing apparatus even when of the automatic type^requires* 
checking, for owing to this variation in the composition of 
the natural supply, there is grave danger of excessive che^- 
cals being used at times ifi the softening operation, ahd 
these, as already stated, may be almost as harmful as the 
original impurities of the water. • 

With pure water a boiler may run from 1,000 to 2,000 
hours without cleaning, and the evaporative efficiency 
during this period, owing to the absence of scale, will re- 
•main high. With dirty and impure feed water on the dlher 
hand, the limit of safe work is 500 or less hours, and the 
evaporative efficiency will fall rapidly towards the ,end of 
this comparatively brief working period. It is evident 
therefore that in the majority of works, a water softening 
plant will prove a wise expenditure of capital, for it wiU 
increas.e the capacity of the existing boiler plant and reduce 
the fuel consumjftion at one and the same time, with only 
a slight addition to the daily working expenses. 

II. The Chemistry of the Softening Process. 

• • • 

The chief salts that can be removed frqpi water by thf 
use of softening cheraScals are the carbonates aifd sulphates 
of lime*and magne|;ia. Taking these seriatim* we have ihe 
following 
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1. Calcitm Chemical sjnnfeol JCaCOs, always 

present in natural -?/.ters as bicartdnate, Ca(HC03)3 

ThSs salt can pe. removed ^ 

(a) by boiling thn watsr. •Tlais method yields a precipi- 
^tate of calcium qarbonat^ whi/:h may either form a^hard 
scale, or a soft mud, according to the slowness or rapidity 
of separation. The chemical equation for this change is : 

Ca {HCOs)^ = CaCOa 4* H2O -b COj. • 

(insoluble) 

{h) By adding slaked lime or lime to the water. This 
method yields double the amount of calcium carbonate 
which occurs in method a: as a flocculent precipitate, but 
it avoids the ^volution of carbonic acid gas. The chemicaj 
equation is : — , 

Ca (11003^2 + Ca (OH)2 = 2Ca COs + 2H2O. 

(insoluble) 

, (c) By adding caustic soda to the water. This chemical 

combines with the second CO 2 molecule of the bicarbonate, 
and precipitates the calcium carbonate as before, while sodium 
carbonate remains in solution. The chemical equation is as 
follows : — 

Ca(HCO,)^ + 2NaOH = CaCO, -j- Na^CO, + 2H A* 

(insoluble) 

2. Magnesium Carbonate. — Chemical symbol MgC03, 
always present in natural waters as bicarbonate. 
Mgfc(HC03)2. This salt caq be removed 

(a) By boiling. V 

(b) By adding slaked lime or lime water.^ 

(c) By adding caustic soda. 

The chemical equations are similar to those given for 
calcium carbonate, with the substitution of Mg for Ca in tlie 
molecular formulae. Both calcium and magnesium car- 
bonate are loose flocculent precipitates wljen first caused to 
separate from water by the use of lime water, but boiling 
renders these precipitates dense and crystalline. ' 

3. Calcium Sulphate. Chemical symbol, CaSOi. 

This salt can be removed from water : — 

(ay by heating with sodium carbonate. The chemical 
equation for this changb is 0 

* Magncsiun^ carbonate is converted into iflagnesium hydrate by 
beating with lime water. This further change complicatfs the re- 
actiona for^ftening water by lilne, when magnesium salts are present. 
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CaSO, + Na»C(3, = Na,SO« + CaCOj. 

, • (insolitblc^ 

(b) By heating with barium carbonate. This flicntic^l 
pfoduces \wo insoluble Compyugds instead fif one, and the 
sulphate is removed from the water as* barium sulphate. 
The Chemical equation is • 

CaSOi + BaCOa *= CaCOa + BaSO<* 

, (insoluble) ^insoluble) 

4. Magnesium Sulphate. Chemical symbol MgSOi. 

This sdt can be removed from water by heating it with 

sodium carbonate or with barium carbonate. The chemical 
equations are as in 3, with the substitution of Mg for Ca in 
the molecular formulae. As before, the magnesium car- 
bonate is converted into the hydrate, if excels of \im% be 
present. ^ * 

It will be observed that when sodium Carbonate ^is the 
chemical used for removing sulphates, calcium and mag- 
. nesium carbonates are again the precipitated salts, but that 
an equivalent amount of sodium sulphate remains ^n solu- 
tion. 

The precipitated carbonates, as before, are flocculcnt whenT 
first separated, but become dense and crystalline on boiling. 
Barium carbonate on the other hand, removes both the 
base and the acid radicle of the calcium ot magnesium 
sulphate, and for this reason would be generall}^ employed, 
if cheaper and more easily applied to this purpose. As 
barium salts are extremely poispnous their use is atteryded 
with some danger in a large wofks, where only one water 
supply is available for all purposes. 

5. Magnesium Chloride and Magnesium Nitrate. •These 
two salts are occasionally present in natural waters in ap- 

• preciable amounts. They can be decomposed*in the same 
manner as the sulphate, namely, by heating the water with 
sodiunl carbonatg. The chemical equation for the changes 
are as follows 

MgCU + Na2C03 = MgCOa + 2NaCl. 

Mg(N03)a + NaaCOa = MgCOa + 2NaN03. 

Here again an equivalent amount of sodium chloride or 
nitrate remains in sotution, and the change is irom a dan- 
,gerous*salt to a fess dangerous one, for mj^esium sul- 
phate, ghloride and nitrate are all salts which may decom- 
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pose and liberate corrosive gasci, if heated to a high tem- 
perature ^Ls Ji scale upon boiler 
])j[a,giiesium carbonate is stated by some authorities to* 
iJe sljghtly soluble in water, aftd«they recommexid that* it 
should be convened iijto* tfie insoluble hydrate, by the 
addition of a'h excess of limeVatcr, according to th€ equa- 
tion ^ . . 

MgCOa + Ca(OH 2 ) = Mg(OH 2 ) + CaCOa. 

The solubility of the carbonate is very slight — loo parts 
of cold water dissolve only -02 parts of the carbonate—and, 
moreover, the deposit obtained when precipitating a hot 
solution of magnesium sulphate with sodium carbonate, is 
a mixture of hydrate and carbonate, and not carbonate 
done.. An ^cess of lime, however, is required to obtain the 
separation of the other carbonates when magnesium is present, 
and its use wilj add to the bulk of the precipitate which 
remains to be dealt with in the softening apparatus. Mag- 
nesium hydrate alone is a gelatinous precipitate likely to ' 
= cause stoppage of the filters attached to the softening 
apparatus. ^ 

The Calculation of the Amount of Softening 
Chemicals required. 

The tests* upon which the additions of the softening 
chemicals are based are those for temporary and permanent 
hardness. It is not advisable to attempt to remove the 
temporary hardneSs by bqjling, for long continued boiling 
is required to remove thh whole of this, and such an ex- 
penditure of fuel or of waste heat would not prove econo- 
micalf It is, in fact, best to reduce the hardness to the 
lowest degree possible, by the use of lime, and sodium or 
barium carbonate ; and aU modem water-softening plants are 
operated upon this basis. It is possible to remove both 
carbonates and sulphates by the use of cg-ustic soda alone, 
when the two salts are present in molecular proportions, 
for the carbonate of soda produced by the reaction with the 
carbonates then reacts with the sulphates. The reaction 
in this^case is expressed by the following equation ; — 

t * The only oth^ case in prhiph an excess^ of softening chemicals is 
required, is when^the water contains silica in solution. Jhis is a 
most dangerous impurity, and it can only bejremoved by use of an 
excess of lime*and soda. 
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Ca(HC03)2 +C«S04 +2lJaOH =2CaC03 +NajS04 +2H3O. 

Carbonates and sulphites do not, however, Sccur often in 
water in molecular j)roportions. Caustic soda* is tateo 
dearer than caustic lime. • • ^ ^ • 

Thg calculations of the necessary amount of chemicals 
are made from the chemical equations given in section 2 * 
of this chapter. These show that one molecule of calcium 
cartipnate or magnesium carbonate requires one molecule of 
calcium hydrate or two molecules of sodium hydrate to 
precipitate it, and that one molecule of calcium or magne- 
nesium sulphates requires likewise one molecule of sodium 
or barium carbonate for its decomposition. 

The molecular weights are as follows : — 


Salts 

[CaCOa 

. 100 


present in ^ 

MgjCO, . 

. 84 


water as 

CaS<?4 

. 136 


impurities 

iMgSO* 

. 120 

<9 


fCaO . 

. 56 

or Ca(OH)2 . 74 

Softening 

INaOH 

. 40 

or 2Na(OH) . 80 

Chemicals 

lNa2COa . 

106 



IBaCOs . 

. 197 



Since the English degrees of temporary and permahcrft 
hardness in water are expressed in grains of calcium car- 
bonate per gallon, and the molecular weight ,of*this salt is 
just 100, the calculations are considerably sirpplified. It 
is only necessary to multiply the degrees of temporary or 
permanent hardness by *56 or by 106 to find the grains of 
•lime or sodium carbonate requised for each gallon of water. 
The further calculation is equally simple, since the result 


multiplied by (that is divided by 7)' gives the pounds 

avoirdupois required to soften 1,000 gallons of water. 
Fig. 38 is a diagram showing the pounds of softening chemi- 
cals required per 10,000 gdlons of water, for the various 
degrees of hardilbss from 1° to 25°. 

Foi the other chemicals the method of calculation is simi- 


lar, the factor for caustic soda being -80 and for barium 
carbonate i'97, in place of thosf given above. It must be 
remembered in making thes« calculations that coi^mercial 
chemicals are seldom pure, and that some allowance fqj* 
impurjjies and lo^es in making up the solutions must be 

One pound avoirdupois contains 7,000 grains. 
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made, in the final calculations for water* softening. For’ 
caustic liifie tn allowance pf 20 per'cent. is advisaWe ; for 
s(j|cli|im Carbonate 5 per cent., and for caustic soda an allow* 
ance 10 per-cent. . * • • • 

It is, however, unneces^ry ^o purchase high grade chemi- 
f cals for softening^)urposes, and*if a chemist be in charge*of the 
softening phint, a considerable saving can be effected in the 
annual expenditure ujpon chemicals, by purchase of low ^rade 



or damaged products from the manufacturers, at jo per 
cent, below the usual market prices. Thus in the manu- 
facture of caustic soda an impure product known in the 
trade ^ “ caustic bottoms ^ i% produced which sells at less 
Jhan half the price of wjiite caustic soda, and yet contains 
over 50 per ceift. of Na20 as compared with 70 per cent, 
in the standard product. Should it be djsired to use caustic 
soda in the softening plant instead of caustic lime, this 
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impure product is* quite good enough for the purpose. 
Carbonate of so(ia is usiiahy bought in the form cff a “ soda- 
ash*' and here again a low grade prodirct can b& bon^t 
v^th advantage, SulphidSs m, solution, hdwever, may be 
dangerous, and should be rcnioved by chemical treatment, 
befor^ using the soda solution in the softeAing apparatus. 

The need for regular chemical examination the soda 
purchased for softening purposes is proved by the fact, 
that*the writer has known a case in which sodium carbonate, 
which was assumed to be pure, contained 5^ cent, of 
sodium chloride, and led to considerable trouble in the 
boilers. This adulteration was, in fact, only discovered 
after the corrosion had been going on for some time. This 
ejcample proves the need for care in the purchase of softening 
chemicals, and the wisdom of dealing on^y with high-ftass 
firms (preferably tke manufacturers), who will always be 
ready to give a guarantee of the purity 01 their products. 


IV. The Softening Apfaeatus. 

All the well-known and patented forms of water-softening 
apparatus are based on the chemical reactions given in 
section III. They differ one from the other simply in the 
mechanical arrangement of the plant, and in the devices 
used for rendering the apparatus automatic in its action. 
The best illustrated description of water softening apparatus 
is to be found in a paper read by Messrs. Stromeyer & 
Baron before the Institution Mechanical Engineers in 
December, 1903. This paper wds printed in full in many 
of the technical journals of that date, and readers desiring 
further information upon the subject of water-softening 
apparatus are referred to it.t. ■ . • u -i 

The use of secret compositions for putting anto boilers, 
in order to prevent scale and grease troubles, is unwise and 
should tiever be gractised. Apart from the excessive prices 
paid for such compositions, the impurities of a boiler feed 
water ‘ought to be removed before the water enters the boiler, 
and should not be separated inside it. The addition of caustic 
soda to the water as it enters the boiler is another practice 
which must be condemned except when carried out under 
expert" control, for under certain conditions this use ot 

» Seei^emorand'uJihy Chief Engineer of Manchestv Steam Usen' 
A$$ociatitn for the year igtij- 
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caustic soda does more harm than goocft aijd also increases 
priming anil ttie tendency of the bdiler to produce wet steam. 

JTle w*ater therefore must be treated with the softening 
chemioals in sofne apparatus, ^outside the boiler plant, ff 
a chemist be ^available to take charge of and control the 
•operations, the Writer considers the intermittent t)fpe of 
apparatus in which the chemicals are allowed a consider- 
able time to act in large tanks, in which the precipitate can 
settle by gravitation, *to be the best. Any chemical engfneer 
could design such a water-softening installation, and the 
payment of heavy royalty fees, or of an excessive first cost 
for the plant, would thus be avoided. 

If no chemist be available to control the work of the 
plant, one of fhe automatic and continuous types of softerv- , 
ing apparatus must be selected. A discussion of the com- 
parative merits of the large number of automatic softeners 
now ii» the market would, however, lead the writer beyond 
the proper limits of this work, and only two general 
•principles for guidance in the selection can be given. 

In th^ first place, the softening apparatus must be of 
sufficient capacity to deal with the whole of the boiler feed. 
A 'softening apparatus worked beyond its rated capacity is 
certain to lead to dissatisfaction. In the second place, the 
filtering or Separating chamber of the softener must be lar|;e, 
efficient in, action, and easy of access for cleaning. The 
success of a softening apparatus depends largely upon the 
complete separation of the precipitated carbonate of lime 
from the water. To allow this carbonate of lime to get, 
into the boilers is to throvraway the advantages gained by 
the use of chemicals. In some automatic softeners the 
filters *and settling chamber are not satisfactory. Finally, 
whenever possible, the water should be passed into the 
softening aftparatus warm or hot. Nearly all chemical 
reactions are accelerated by heat, and when \vo:king' with 
little above the calculated amount of softening chemicals, 
the speed of reaction is of great importance to the successful 
operation of the plant. 

V* The Control of the Softening Process. 

The wat^ saApling apparatus described in Chapter VIL 
/must 'be employed to check the wor^^ of the s(Stening 
plant. The samples of water collected in this way ou|^t, 
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to be tested dai^ by the engineer or chemi^ in charge 
of the plant. * • • • ^ ^ 

It is advisable to have two sets of twelvfe or twenty-fAuf, 
’saifipling'^fessels in use, bne s^t •collecting h'ourly sartiples 
of the untreated water, and tlje other set collecting hourly 
sample? of the softened water as it flows fro"m the softening 
apparatus to the boilers. A'sekction from these samples 
> ^is then made each day for the chemicaj examination, the 
general appearance of the water when examined in a tall 
glass cylinder (Fig. 39) and its effect upon neutral litmus 
paper, being used as a guide in this selection.^ The presence 
of calcium or sodium hydrate in the treated water can also 
be detected by the use of turmeric paper, which will turn 
recidish brown when these chemicals are present. *This 
effect will of course signify either that an» excess of lime 
and soda is being used in the softening plajit or that the 
water is being passed too rapidly through the plant and*that 
the chemical reactions described in section II have not had 
time to be completed. The time element is in fact much 
more important than many makers of automatic softening 
apparatus have realized, and it is this time factor whiQh 
gives the non-continuous tank system of softening a decideef 
advantage. 

When taking samples of water from the tanks shown in 
Fig. 29 (p. 96) it will be necessary to thoroughly mix the 
water with a wooden plunger, for a sediment of calcium 
carbonate may be found at the bottom of each vessel, due 
t<i unsatisfactory working of theyoftening plant. When 
such a sediment is found, either the rate of flow through the 
softening apparatus is too rapid or the filtering chainber 
is out of order, and an investigation must be made to find 
and remedy the fault without delay. Having selected cer- 
tain samples for further examination, the temporary and 
permanent hardness of these must be determined by the 
methods described ki Chapter VIII . The difference between 
the testj of the untreated and treated water will show the 
working efficiency . of the softening plant, and will also 
provide the necessary data for any alterations in the amount 

• • 

1 A weak solution of silver nitrate in water is of use in this 
preliminary examination df the samples. Carbonates ki solution 
produce a ^hite precipi|ate with this reagent ; hydrates produce a 
Tight brown precipitate of silver oxide. 
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of chemicals used. Once weekly, or daiiy if this be possible, 
an avera^ ample of the .water dg\fring from the softening 
plant is tested for total solids and for oil. As already' 
pointed out, thfeuse of sodiym cirbonate or caustic^soda has 
the disadvantage *that sodiuiA sulphate remains in solution, 
in the treated Water ; and tlius the use of these chemicals 
will not cause any reduction in*the total dissolved solids but 
actually increase them. The softening of a water containing 
10 degrees of perrftanent hardness, will add over ib per 
cent, to the amount of dissolved salts in the softened water. 



^9- 39 — -glass jar for examining water samples. 

For this reason, boilers fed with hard waters that have been 
softened by use of sodium carbonate, require frequent 
blowing off, otherwise iijle sodium sulphate becomes con- 
centrated to a dangerous extent and attacks the boiler 
fittings. As regards the presence of oil, this will not often 
be found in the water flowing from the softening apparatus, 
since the ^precipitation of calcium carbonate in this will 
carry down the particles of oil. Should oil be. found, 
however, it will be necessary to erect a special oil separator 
for treating the water as it flows mto the^ softening 
apparatus, a separator working on the electrolytic principle 
being most suitable for works where electric power is 
generated. 
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CHAPTER XI. 

The Chemical and Physical Cl^aracteristics of the 
Waste Gases — Sampling the Gases. 

I. Chemical Characteristics. 

T he burning of ordinary bituminous fuel in the furnaces 
of steam boilers is in reality a clitmical oxidation of 
the hydrogen and carbon of the fuel, this oxidation being 
sufficiently intense to produce light and heat. When this 
oxidation or combustion of the fuel has been properl}^ carried 
out, one obtains as products of the chemical changes only 
carbon dioxide and aqueous vapour, these two being diluted* 
however, with the nitrogen and unconsumed (Oxygen of 
the air. Sulphur dioxide gas is also generally present as 
an impurity derived from the sulphur in the coal.* ‘.^s 
already pointed out, it is this ingredient of the waste gases 
arid not the soot which destroys vegetatioi^ and damages 
stone work in all great industrial centres where cpal is burned 
on a large scale. 

The chemical products of the perfect combustion of bitu- 
minous fuel in air are therefore : — Carbon dioxide, aqueous 
vapour, and sulphur dioxide, 'v^th oxygen and nitrogen as 
diluent gases derived from the air. 

Should the combustion process have been impl-operly 
carried out, particles of unconsumed carbon, and carbon 
monoxide gas will be present in the exit gjfees from the 
furnace of the boilers ; while with very bad management, 
entirely uncon^med hydrogen and hydrocarbon gases 
may be found in addition to those already named. 

Semi-anthracite and anthracite fuels contain less hydro- 
gen, and when heated produce less hydrocarbon ga« 
than bituminous coal. The^ waste gases from boiler fur- 
naces fired with these classes of fuel, as a rule, tnereforg, 
contain little soot of undecomposed hydrflcartipns ; but on 
the other hand, |he proportion of carbon rgonoxide may 
be higj|, owing to insufficiency of the air supply. 

Coke als(^ is a fniel which may prodyce large ^mounts of 
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carbon monojdde when the managem^nf of the furnace an<l 
of the air supply is at fault Sult)hur dioxide is generally 
present in large ^afnounts in the waste gases from furnaces 
fired by coke, wh^h has beep mahufactured froin chea^ 
classes of fuel^ , 

It may be pointed out here, that when burning coke and 
anthracite the appearance of the waste gases gives no 
indication of the composition of the gas, and a clear and 
apparently satisfactory waste gas may contain large amounts 
of carbon monoxide and be associated with very bad condi- 
tions of combustion in the furnaces of the boiler. 

Chemical tests of the exit gas are therefore required to 
discriminate between good and bad work with coke and 
anthradte. , o 

When semi-anthracite or bituminous fuels are employed, 
insufficiency of ajr supply will cause, as before, carbon mon- 
oxide to be present in the exit gases, but in this case, owing 
to the larger amount of hydrocarbons liberated on heating 
^the coal, smoke will be produced, and will serve as a signal 
that the 'combustion of the fuel is incomplete. 

With these cheaper and more generally employed classes 
of '"fuel, a chemical examination of the waste gases therefore 
is not required to prove the existence of bad management 
of the fufnkces and incomplete combustion. The freedom 
from smoker of the gases issuing from the chimney top is 
sufficient to indicate whether good or bad conditions 
exist within the furnaces.^ It is somewhat depressing to 
havfe to state that, althoui^ bituminous coal of all grades o 
can be burned entirely without smoke production in the 
furnaces of steam-boilers, in nine cases out of ten the correct 
conditions for perfect combustion are absent, with the 
result that soot and carbon monoxide with unconsumed 
hydrocarbon' gases are allowed to escape in large quantities 
into the atmosphere. 

II. Physical Characteristics. 

• Temperatufe.— The temperature of the waste gases de- 
pends \^ery largely upon the ^mount of excess air allowed- 
^ pass mtq the boiler furnaces, and upon the cleanline^ 
^of tKe boiler, k large excess of air' causes a low initid 
temperature ^ the famace, and a low hi at transmi^on to 

^ of air may kad to a " clean chimney top/’ but^oes^ 

in steam raising. ‘ 
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the water in the boitei^. • With badly scaledi beiler plates 
the heat of the furnace gases Vill not bt transmitt^ so 
rapidly U) the water on the other side of •the plates, aitd 
the gases will consequently* carry a latger proportion of 
their 4 ieat into the economi^rs and flues.# • ^ 

The temperature of the gas^s is therefore np indication 
of good or bad work, for it depends upon causes which 
opertite in different directions. An exeessK)f liir lowers the 
temperature of the furnace and of the exit gas, while dirty 
and scaled plates increases it. 

Good work and a high evaporative efficiency of the boiler 
demand a minimum of air and a high initial temperature 
within the furnace, combined with a rapid transfer of heat 
through the plates to the water. The temp^ature of*the 
exit gases may thu^ be exactly the same, m a boiler which 
is converting 8o per cent, of 'the heat value*of the fu^l into 
steam, and in one which is converting only 6o per cent., 
and is allowing over 30 per cent, to escape into the flues 
and chimney. The temperature of the gases issuing from 
the boiler flues is therefore not a safe guide to the working 
efficiency of the boiler, though, as a general rule, the loWei^ 
the temperature of the exit gases, the higher is the evapora- 
ti^^ efficiency of the boiler. , » 

Specific Hcat— 1 )\^ specific heat of the exit gas varies 
with the chemical composition, and can be calculated when 
this is known, by the aid of the following figures:— 


Carbonic acid 

(COj) 



Carbonic oxide 

(CO) 

. ^ . ‘246 

At constant 

Hydrogen 

(H), 

. 3‘452 

pressure with 

Nitrogen 

(N)j 

. . *246 

water =: i -ooo. 

Oxygen 

{0)j 

. . *216 


Aqueous vapour (HjO) 

• ‘454 



It is evident that the amount of heat carried away by 
the exit gases wilj depend very largely upon the percentage 
of aqueous vapour present. This, however, varies with the 
amouift of hydrogen present in the fuel, and with the 
wetness or dryness of the fuel when charged into the. 
furnace. The specific heat of ‘the moisture laden exit 
gases from furnaces using orSinary bituminous fuel may^ 
therefore lie between *240 and -300. P(»le ip his work 
i' ,,on The^alorific Pilwer of Fuels gives, a series of specific 
Sweats ranging from -312 for 5 per cent ^ of CO! to *323 for 
I 15 jer 2 ent.^of CO,; but the Writer eghsiders tjjiat these 
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values are«tcf) high unless a vary 'excessive amount of 
aoue^us Vapour 'oe present ‘in the exit gases. The import- 
ance o|^ specific heat is recognized* when calculating^the heat 
lost with the exit ^ases. ^(JiapterXIV will deal with this 
fSubject, and fn «the calculatibns there given a conetant 
value of *249 for the specific^ heat of the dry exit gases will 
be employed, this being the condition in which they are 
generally analysed. * * 

Specific Gravity, The density varies like the specific 
heat, with the chemical composition of the exit gases, and 
can be calculated when this is known. The following are 
the figures for the specific gravity of the gases likely to be 
present 


Carbonic acid 

(CO.) . 

. T- 529 \ 

Carbonic o^ide 

(CO) . 

. *967 

Nitrogen 

(N). . 

. *967 Experimental 

Oxygen 

(0), . 

. 1*105 > figures with 

Hydrogen 

(H). . 

. *069 air = 1*000. 

Aqueous vapour 

(H. 0 ) . 

. *615 

Sulphur dioxide 

(SO.) . 

. 2*264'' 


.A large percentage of carbonic acid or of sulphur dioxide 
in the exit gases is therefore accompanied by a high specific 
gravity. Jhc variations in density are used in one form 
of CO 2 testihg apparatus, to indicate the percentage of 
CO 2. Further details of this instrument will be given in 
Chapter XIIL 

Refractive Index . — The refraction index of furnace gases 
has not until lately been r^|arded as of any value as a guide* 
to their chemical composition. An apparatus based on 
accurate observations of variations in the refractive index 
has now however been designed by F. Haber, and has 
quite recently been placed upon the market by Carl Zeiss 
of Jena. This instrument allows percentage variations 
down to *10 per cent, of CO2 to be easily detected, the refrac- 
tive index of the furnace gas being comjiared with that of 
air or some other standard gaseous mixture. A difterence 
,of I per cent, of carbon dioxide makes a difference of 
*0000015 in the refraction» co-efficient, and this corresponds 
to ri divisions upon the scale of the instrument. 

Further details of » this instrument will be given in 
Chapter XIIL 

CokW . — The colour of the gases pasSng away from the. 
-furnace or combustion chamber of a boiler is some gjiide 
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to the completeness Of^the combustion prociss# Gases in 
which all the carbon has been 6umt to GO 2 and t 4 ie lyrdro- 
gen to H2O, are colouile^ and transparertt ; while incan- 
descent particles of carbon pfodu^e yello^s^ tongues of flame ; 
and^nconsumed hydrocarbhn gases appear ^s dark streaky 
upon the bright background pf the furnace walls. 

It is advisable to use a dark blue glass when examining 
the*furnace- gases in this way, and to Study first the various 
phases of combustion, with a Bunsen burner flame held 
against a cherry-red background of card or paper. By 
varying the amount of air admission at the base of the 
burner all degrees of combustion can be obtained with the 
Jiydrocarbon gases supplied to the burner ; and in this way 
an artificial reproduction of the condition? prevailing in 
a boiler furnace njay be obtained. It is unfortunate that 
the combustion process in the furnaces' of the ordinary 
internally fired Lancashire boilers cannot be studied in this 
way, an4 that the method is only applicable to the furnacea 
of water-tube boilers. In these latter, and in aKternally 
fired Lancashire boilers, sight holes closed with sheet niica 
can easily be jnade at suitable points in the brick^»ik 
setting, and a valuable check upon the combustion process 
c^ be exercised by observations made through blue glass 
in the manner already described. The observations should 
be made as far from the boiler furnace as possible, but before 
the gases come into contact with the water-cooled plates or 
tubes of the boiler. 

III. Sampling the Waste Gases. 

For regular and systematic control of the work of the 
boiler plant, it is necessary that frequent tests should be 
made pf the exit gases from each boiler, both for tempera- 
ture and for cheftiical composition. 

The best place for taking the sample of the gases is at a 
point about 18 inches or two feet on the boiler side of the 
damper which is used to cut off the boiler from the main 
flue to the economizers or cbimney. If Lancashire boilers 
are installed and a separate damper be provided for eac^i 
side flue, two saiwling holes will be reqfiired# The holes 
should be made iSrge enough to take a thirty ^ch length 
of i|-iich wrought iron pipe* provided with a flanged 
top which (Sin be dosed with a bolt gs plug* whin the pipe 
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is not in use. J This pipe is set wk^ rfire-clafy in the brick- 
work^setting of tha boiler, and is always ready for use when 
re^uire^. Wherf fixing new boilers «in position it will save 
time and trouble il a nujnBer^of these sampling holes be 
provided in tlffe brickwork setting, at points suitable for 
testing purppses. Simflar hples ought to be provided at 
one or more places in the main flue, and in the breast of the 
chimney, since the chemical composition of tlie waste gases 
at these points serves to indicate the amount of air leakage 
through faulty brickwork that is occurring between the 
boiler and the chimney. The sampling hole on the chimney 
breast must be made at a height of at least 15 feet from 
the grQund, as baffle walls are generally provided at the 
chimney base ^o direct the gases from opposite flues in an 
upward direction, *and a sample of the ijiixed gases cannot 
therefoj:e be obtained at a lower level. 

For withdrawing the sample of gas from the flues, tubes 
of hard (potash) glass must be employed in 3 feet Jengths, 
and of <J-inch external diameter. Arrangements for 
attempting to sample the gases across the whole width of 
file flue by use of a perforated or split wrqught iron tube 
are of little use, and it is best to simply insert the hard glass 
tube, so that its far end projects about 18 inches into the flue, ^ 
A large bung ij inches in diameter is fixed upon the glass 
sampling tube, so that it is firmly held in position in the 
flanged end of the wrought iron pipe, and no air leakage 
intotthe flue occurs at this ppint. A second or third length 
of hard glass tube is now 'joined to the first by thick red 
rubber tubing of good quality (black rubber is not suited 
for work with hot gases), and the sampling apparatus is 
then connected to the free end of the sampling tube or tubes. 
No filtering arrangement for retaining soot is used at this 
stage of the sampling, since it is better to have the freest 
possible passage between the flue and the^sampling Vessel. 
Soot and moisture will collect upon the inner walls of the 
glass tubes, and these must be well washed after * each 
sampling operation, and allowed to drain and dry before 
use again. 

Three* methods for collectAg the sample will now be 
(fescribed c * 

{a). Snap-samples of the waste gases t{,ken by ai^ of the 
dry method and Honigman^s gas-burette.-— RomgmdxCs original 
ga^burettg was desired fof testing the amount of carboSiic 
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acid present in^gas-mixtyres containing a lai^etpercentage 
of this gas ; it has been largelV used iij •the manufacture 
oi sodiu^i bicarbonate and other chemicals. In its earflbr 
form the burette was not wefl adapted for boiler work, 
and 4he form of burette and sampling apparatus has been, 
modified by the writer, to. render it more suitable for use 
in testing the waste gases from boiler plants, and also more 
accurate in its results. This improved form of the Honig- 
man apparatus is shown in Fig. ^o. A is the special gas- 



no. JO. — honigman's modified gas-sampling apparatus. 


’burette holding about no c.c.iof gas, and graduated in 
fifths of a cubic centimeter for the first 25C.C. of its contents. 
A space of 10 c.c. between the zero mark and the end*of the 
burette is essential. C is a rubber finger-pump provided 
with valves, so that the gases pass through it* only in one 
direction. It passes 35 c.c. of gas at each compression, 
and is Employed ior “ drawing’"' the sample of waste gases 
into A from the flue. Z? is a small rubber stop-valve which 
is inserted between A and C to prevent all possibility of air 
leakage through C back into A. By drawing 600 c.c., 
of gas through A, all the originnl aii will be displaced by 
flue-gas ; with a finger-pump* of the above dimensions this 
can be effected in seventeen compressions, »ccup^ing a timS 
of less <dian one mifiute. If a check sample of gas for more 
complete analysis be collected at the same time in the gas 
sample •tub^ Z), tlje amount df gas drawn thjough the 
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apparatus ^4st be increased cory^spondingly, to allow for 
the increased volyme of afr requirfng displacement. 

^Re ^lass stop-cocks on D are tfieu closed, the sp/ing clips 
are placed on the rubber at ^a^li end of A , and the sampling 
^apparatus camth^n be disconnected, and the sample 4aken 
away for analysis. 

Since no liquid is used in this method of collecting gas 
samples, no absorption of carbonic acid gas can occur before 
testing. As a general rule the soot will be removed by 
deposition upon the inner walls of the sampling tubes, 
before the gas arrives 'm D or A. With very smoke laden 
gases, a little glass wool must be inserted in the rubber tube 
connecting D to the tubes that pass to the flue, in order to 
filter out the particles of unconsumed carbon. 

(h). Average sc^iplcs extending over one hour . — When an 
averagjs sample t)f the w^aste gases over a period less than 
one hour is required, the apparatus shown in Fig. 41 is 



FIG. 41. — SAMPLING APPARATUS FOR TAKING AVERAGE SAMPLES 
OVER ONE HOUR. 


employed. ^4 is a water-jet air pump whiijh works upon the 
injector principle, and draws air through the arm R at a rate 
dependent upon the pressure of the water supply. The arm 
P is connected to the limb marked C of a Stead gas sampling 
bottle, Ey and the other limb of this D is connected to the 
glas^tifbe or tubes leading to The flue. The sampling vessel 
E is filled up to ^he poftit where it joins the horizontal limb, 
with mercury, or with water saturated (j^^ith carbonic acid. 
The pump now set to work and gas is drawn from the 
flue at' a constant rate thrt)ugh the ho^zonta|. limbs Oj D 
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of the gas sampler. Qne^of the lower cocks (Jf IJiis is then 
opened to allow a slow*trickle eff mercury ^to pass#out. A 
mercury J^ottle provided with a funnel is placed belo^ >o 
receive this and store it for»tlfe next sampling ()pe‘tation. 
The fate of flow of the merefury must betar»anged so that 
the sampling bottle will stijl contain some of the metal at' 
the end of tlie period over which the sampling fs to extend. 
During this time, gas drawn from thetflues will have been 
passing continuously through C, D, and a small pro- 
portion of this gas will have been continually passing 
into E to replace the mercury which has flowed away. 
At the end of the period, therefore, E will contain a fair 
a^verage sample of the flue gases, and on closing all the 
cocks the apparatus can be disconnected, «nd the vessel 
E containing the gaj sample can be taken "to the laboratory 
for chemical examination. • ^ 

If the waste gases arc very smoky, a small bottle contain- 
ing glass wool must be used to filter out the soot, this being 
inserted between D and the first length of sampling tube. 
The wool must be renewed for each test, as owing to the 
large volume of gas passing through the apparatus, a large? 
quantity of soot will soon be collected. The mercury also will 
require frequent cleaning. This is best carried oyt by filter- 
ing through a large dry filter paper having a pm-holc in the 
apex, and by then washing the mercury with tap- water and 
drying with filter paper or blotting paper. When quite 
clean no reaction occurs between the dry flue, gases and. the 
* mercury, and the sample can be#kept for some hours in the 
vessel E without change. 

(c). Average sample extending over twelve Aowrs.— ^When 
an average sample of the flue gases extending over a period 
longer than one hour is required, the apparatus shown in 
Fig. 41 cannot be employed, for the weight and cost of the 
mercuiy require^ would be prohibitive. 

It is then necessary to use an apparatus depending upon 
the flow of water from one vessel to another, and a diffi- 
culty arises due to the variation in the head of water at 
different stages of the sampling operation. The head being 
greatest when the sampling vessel is quite full of liquid, the 
outflow of water and.inflow of gas will stait at a maximuifl 
and gmdually becfmc reduced as the water is displaced by 
gas. The sample of gas obtained in this way tannot there - 
foit b^ regarded ^ a true avt^rage of the waste gases in 
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the flue, dyritg the twelve hour^ over which it has been 
colle^tedi- 

f The CROf field a^^i^EJalL Apparatus.* 

Fig. 42 shows gL gas-collectiag apparatus in use at JVar- 
rington which is free from this defect, the rate of flow 
from the uffper to the lowef vessel being constant for all 
variations in the wat|ir level. 

The water from the upper gas-collecting vessel A passes 
through the intermediate water-seal bottle B, and then into 
the lower reservoir D by the delivery tube C. This delivery 
tube falls as the water level in D rises, on account of its 



FIG. 42.— CROSFIELD AND DALE SAMPLING APPARATUS FOR TAKING AVERAGE 
SAMPLES OVER TWELVE HOURS. 

attachment to the float E by a cord passing over the pulley 

F. 

The head of water is thus seen to depend upon the vertical 
distance between the level of water in the vessel A , ajid the 
position of the delivery tube C, and a study of Fig. 42 will 
show that this is constant for all positions of the water level 
in A. The gases will thus be drawn into ^4 at a constant 
fate during the whole of tlje twelve hours, and the sample 
therefor^ may be regarded as a# true aver&ge of the flue gases 
during this period. ^ 

Two precautions must be observed infusing this app^atus. 
The water iruA must be covered with a^film of oil to pre-. 
vent COs absorption ; and the tul^e G leading to the §ue 
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must be conn 4 cteS pot direct to the* flue* but to a T 
piece as in Fig. 41, through which the gasesi are iJeipg drawn 
at a rapid rate by the wajer pump. Otfietwise the sample 
oi gases* collected in A wiU hardly b« representsftive of 
the flue gases. If only one#sampling apparatus be in use, 
the top ‘vessel is filled by hand when empty. If one appara-* 
tus be provided for each bbildr of a large batfery, a small 
punjp is used for discharging the w^ter from the lower 
storage vessels into the top vessels, all of these being con- 
nected to one water main. It is, of course, necessary that 
each vessel should be quite filled with water before starting 
the sampling. For this purpose the air cock at M is opened 
to allow the imprisoned gas to escape when the vessel is 
being filled with water. 

Th5 Hamburg Apparatus. 

• 

The sixth Annual Report of the Hamburg Smoke ?Vbate- 
ment Society contained a description of a useful sampling 
apparatus, for obtaining average samples of flue-gases over* 
aiy desired period of time. This apparatus Ifas been 
thoroughly tested at Hamburg, and at the date of 
Report was installed on over 400 of the boilers under the 
control of the Society. The apparatus is shown in diagram 
iofm in Fig. 43. • * 

The sample of gas is drawn constantly (using natural 
or artificial draft) from the exit flue by means of the pipe L 
and as it passes over the aspirator C, a small proportion of 
•the gas flow is sucked down into»this, by the action of clock- 
work on the bell E. The aspirator above this bell is filled 
with water covered with a film of paraffin oil, and the rate 
at which the bell sinks and the gas is sucked into the* space 
G above it, is controlled by a pendulum and simple clockwork 
arrangement at U, the speed of which can be varied to suit 
the length of firing shift. At the end of twelve or eight 
hours (i.e. when tke firemen change) the clockwork is stopped, 
and the average sample of gas stored in the space G is tested 
for carbon dioxide and for oxygen, by aid of the Orsat appa- 
ratus shown on the right hand side of the aspirator, a rubber 
tube being employed to conpect the aspirator an^ Orsat 
apparatus. Two tests of the average sample of gas ar# 
made, and the aspiAtor is then emptied by .raising the 
bell E,"*and by opining the taps A, C and 
By closing A and opening B, aijd by starting the pendulum 
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of the clockwork rfgain, the apparatus is s^t for taking the 
next avercfee* sajnple, no attentioh t)eing required again for 
ejgftt or twelve Jjohrs, according to the length of the working- 
shift. • The pipe Z^is kept fre^ from soot and rust* deposits, 



by blowing steam or comfiressed air through it at regular 
intervafs, by means of the tap at F— and snap-samples of 
exit-gaj cairbe taSeii when desired, without stopping 
the aspirator^ by connecting the cock aHZf with thfi' lap in 
the Orsat apparatus at d, by means of a thick rubb^pr tube. 



CHAPj'ER. XII. 

The Approximate Analysis of the Waste Gases. 

H aving obtained a satisfactory sample of the waste 
gases by one of the methods described in the 
previous chapter, the sample is brought to the labora- 
tory for further examination. As a general rule it is 
advisable to test the gas sample as soon as possible 
aiter its withdrawal from the flues or fjom the col- 
lecting vessel, since there is always ^ome danger of 
air leakage at the* glass cocks or clips of the retaining 
vessel. It is also best to make the chemical tests ^n the 
laboratory, away from the dust and heat of the boiler- 
house, for • no gas testing apparatus will give accurate * 
results when operated in a dusty atmosphere and subjected 
to rapid changes of temperature. Each of the sampling, 
methods described in Chapter XI permits the final sample 
to be transferred to the laboratory for the chemical examina- 
ioiT. The Stead’s Gas Sampling vessel shown In Fig. 41 
is used to withdraw a sample from the larger vessel shown in 
Fig. 42 by placing it upon the bracket H and by connecting 
it to the tube A, while the clip at G is closed and the bottle 
S is raised to relieve the suction*in A . * 

It is important to note that* neither the soot nor the 
moisture in the waste gases are estimated by the or4inary 
methods of analysis, and that special apparatus is required 
when the amounts of these are to be separately determined. 

The soot and moisture collect to a large extent upon 
the inner walls of the glass tubes and vessels through which 
the gases are drailii from the flues, and the water used in 
the measuring burette during the test of the sample of 
course condenses the remaining moisture. 

To prevent any soot from getting into the gas-testing* 
apparatus, it is usual to plac^ a plug of glass wool in one 
of the connecting tubes and to renew this as often asB 
required. * 

Two methods of testing the samples of waste gases will 
now be ^escribed in detail : — 
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I TeItS with the HONIfTMAN GaS BUREnE. 

• • 

[See Fig. 40, p. 137.) 

The burette A *is first, imnlersed for two minutes in the 
trough F, wKiclf is four-fifths filled with water, in orfler to 
bring the gj.s contents of the burette to a standard tempera- 
ture. The spring clip on the zero end of the burette is then 
removed, and the burette is held upright in a vertical position 
with its lower end immersed in the water contained in the 
glass jar E. The zero mark of the burette is placed level 
with the brim of E, and the upper clip is opened to allow 
of the excess of gas to escape into the air, water b^ing poured 
into Efrom the trough, until the gas contents of A measure 
exactly 100 c.c. , 

The burette i§ then removed from thu* jar E and is placed 
in a sfenting position in the trough, with its upper end resting 
on one of the ends of the same. A small i gram piece of 
solid caustic potash is taken in the forceps provided for the 
purpose, and is inserted in the rubber tube at the lower end 
^ of the burette. It is then pushed up into the same by the 
short length of glass rod, tMs being left in the rubber tube 
as stopper. 

The bufette is now removed from the trough, and is geiftly 
-shaken, tlje purpose being to dissolve the small lump of 
caustic potash in the water contained in the burette, and 
to bring the resultant solution into use as an absorbing 
liquid. • 4 

Two minutes’ agitation*is usually sufficient for this pur- 
pose, and the burette is then again immersed in the water 
contained in the zinc trough, in order to bring back the con- 
tents to the original temperature. The final operation is 
to withdraw# the glass rod from the rubber tube on the lower 
end of the burette, to hold the latter in a vertical position in 
the glass jar, and to read off the volume ofVgas after fevelling 
the liquid within and outside the burette. The loss in 
volume equals the percentage by volume of COa contained 
« in the gas sample. ' ^ 

This^apparatus 3delds acciprate results, and tests with it 
4:an 6e completed withp five minutes, but some little prac^ 
tfce is necess^ to ' obtain this accutacy and speed, The^ 
"prepautms .jiecessary in its use are & follows:-^ 

" I, Tfce rabter tubing zf, the upper end of th^,burett<^ 
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must not be immeised in the water, since if smy liquid col 
lects inside it the exjtujsion of the excess gas •above loo ac. 
is rendered exceedingly difficuft. • • • / 

• 2. Na air must be nllewed^to enter th*e burett§ at the 
lower end when removing 1:he spring tlip. To expel the 
air th the rubber tube it is advisable to Squeeze the fingers 
along the rubber towards -the open end befoye the clip is 
opened, keeping the end of the rubber tube meanwhile 
under water. * 

3. Both before and after the absorption of CO 2 , the gases 
must be reduced to the standard temperature— that of the 
water in the trough. 

4. No air must be allowed to enter the tube and burette 
;vhen it is being placed in the jar for levelling purjjoses, or 
when inserting the caustic potash in the sofid form. This 
last operation must be carried out under* water ; and speed 
is necessary, as this chemical dissolves very rapidly im water. 

5. After each, test, the burette, jar, and trough must be 

thoroughly washed out with clean water in order to remove 
all the caustic potash solution. The burette itseif should 
be filled and emptied three times, the simplest method of 
filling being to immerse it, in a slanting position in the' zinc 
trough, after the. latter has been emptied and refilled with 
c!fean water. The burette must be well drained before using 
for another test of the flue gases. ^ 

By using the tabloids of pyrogallic acid which are now 
prepared and sold for photographic purposes, the use of the 
Honigman burette can be extended to tests for oxygen. 
These tests are made by pushing the tabloid of pyrogallic 
acid, and one additional piece of caustic potash, into the 
burette from below, after absorption of the carboific acid 
gas. The remainder of the test is then carried out as before. 

• 

II. T^stswith the Improved Form of Orsat Apparatus, 

When the percentage of oxygen and of carbonic oxide are 
required in addition to that of carbonic acid gas, the Orsat 
apparatus shown in Figs. 44 and 45 is the most convenieiU 
for general use. The writer do^s not recommend that this 
apparatus should be carried*to the boilers and th’fe sampje 
of gas drawn directfy into it from the flmes by use of tne 
fingerj)ump G. Por snap samples and tests of this kind, the 
Honigipan burette is the most useful apparatus. The Orsat 
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apparatus yiej^ds the most tnistwortljy ^results when kept 
in' the laboratory at one temperature with all its parts 
scrupulously clean.*^ The sample of gas collected in the gas^ 
sample tube Z), Fig.c40, or in th^ Stead Gas Sampler {Fig. 41 ) 
is transferred t9 tlj^e measifring burette of the Orsat appara- 
tus by mercury displacement. For this purpose the upper 
end of the tube or vessel cofitaining the sample of gas is 



FIG. 44.*— IMt»ROVED FORM OF ORSAT’S GAS-TESTING APPARATUS, 


0 

connected by thick rubber tubing to the 6 tube marked L 
in Fig. 44. By raising the mercury water reservoir and *- 
opening the cocks, the gas is caused to flow out of the 
sampling vessel along the jglass T piece, B, K in Fig. 44. 
The^U t^be L contains glass wpol, and this serves to remove 
tjie last traces of sootffrom the waste gases. When all air 
has been expelled from the tube B, K^the free end at K is 
closed, the cock on the measuring burette A is opened, and 
by lowering the reservoir bpttle F, 100 c.c, of the g0ses are 
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drawn into A, 'f he, cock at L is now closed, and the final 
adjustment is made by ‘raising the botUot F cauUouslv and 
allowing the excess of^g^s to escape hy*K It is ad^sSble 
to allow the gas sample to j'eitiain und^r pressure id the gas 
burette A for two miniitts before coi^rngncing tlie test. 
This gives time for the last traces of moisture and sulphurfc 
acid gas to be removed from Tthe sam])le, and f)rc vents error * 



riQ. 45 IMPROVED FORM OF ORSAT’S GAS-TESTING APPARATUS. 

i 


from these causes in the CO2 test. Any leakage at the taps 
or joints can also be discovered by this means before the 
test is made. 

The Orsat apfiaratus comprises a measuring burette A, 
holding 100 c.c.,an(J graduated in tenths^ of a c.c. for tHe 
lower ,^5 c.c. of ii^ contents ; a glass T-piece B, with three 
glass stop-cocks ; two absorption pipettes, C*D, filled with 
caustic* potash and pyrogallic -acid solution respectively; 
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an 4 a modified form of Winkler’s cqmfiustion pipette E 
for determining carbomc oxide* methane, and other 
confbustible gases. The water , aspirator-bottle F, and 
the rubber finger-ptimp G,ait Ijie remaining accessbries of* 
tjie apparatus. , , ‘ c ^ 

The measuring burette A is enclosed in a water-jacket 
to preserve the gas from tem*perature changes during the 
test, and the absorption pipettes C and D should hgve 
caoutchouc balloons fixed on their free limbs to preserve the 
contents from contact with the oustide air. The pipettes 
C and D are filled with narrow glass tubes, in order to pro- 
vide a large surface moistened with the absorbing reagent 
when the gas is passed into them, and the caustic potash 
or pyrogallic add solution is displaced. *' 

The method of ftsing this apparatus is simple in principle, 
but details of maViipulation, which can dhly be understood 
by actual practice with it, require to be attended to in order 
to obtain accurate results. After loo c.c. of thq gas have 
been carefully measured in A , and time has been given for 
this to assume the temperature of the surrounding water, 
Aote* being taken of any alteration in volume during this 
interval, connexion is made between A and C, and the gas 
is made to .travel backwards and forwards three times b^v 
alternately raising and lowering the reservoir bottle F. The 
liquid in C i^ finally drawn up to the mark, the cock is closed, 
and the reduction in volume of the loo c.c. represents the 
per rent, of carbon dioxide gas in the gas sample. With 
fresh caustic potash solutioi} the absorption in COj is rapid ; 
with a solution containing 30 or more per cent, of carbonate 
the absorption of CO2 is slow. It is necessary, therefore, 
to repeat the absorption procedure, and to make two measure- 
ments of the, residual gas, in order to be certain that all the 
CO 2 is removed. The caustic potash solution must also be 
renewed, when its absorption power for CO2 has become too 
slow for quick work. ' 

For the determination of the oxygen, the same process 
is repeated in the absorption pipette D, which contains an 
alkaline solution of pyrogallic acid. Here again at least 
twcf absorptions and measurements of the residual gas must 
Ife made, inordey io\k certain that all the oxygen has been 
removed by*the pyrogallic acid solution. ^ 

The volumfe of the residual gas should now be about 81 
ex. If more than this, there is reason to suspect the p^es- 
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ence of carbogiic oxide gas, or of unconsum^Q nyarogen ana 
hydrocarbon gases of* fhe methane ©r eyiylede ^ype. The 
, amount of these gases is determined by bumingrfn* the 
combustion pipette ^ witj^ an excess ^f oxygen. • For this 
piiTpose 50 c.c. only of tliij restdual gas are used, and are 
mixed with 50 c.c. of the outside air drawn in by K, cjPre^ 
being taken that these gas’ measurements are correct. This aii* 
piovides the oxygen required for ^le further combustion 
of the carbonic oxide, hydrogen and hydrocarbons. The 
total volume of gas is carefully measure^, and the gas is 
drawn over into the combustion pipette E, the platinum 
coil meanwhile being kept at a bright red heat, by means of 
an electric current of two amperes at 10 volts from any con- 
venient source of electric energy. As the qpmbusfible gases 
pass over this coil they are burnt to CO 2 and H2O respec- 
tively. The ga^ is now drawn back into the measuring 
burette, and the diminution in volume is notice! and re- 
corded. , If no diminution occurs, it signifies that no car- 
bonic oxide, hydrogen or hydrocarbons have been present. 
vShould any diminution have occurred, it is necessary to 
distinguish between that due to carbonic oxide, and ,tkit 
due to hydrogen or hydrocarbons. For this purpose the 
Residual gas is first passed over into the absorption pipette 
C, and the carbon dioxide gas produced by*tlie combustion 
of the carbon monoxide is determined as before by the doss 
of volume. As one unit volume of carbon monoxide pro- 
duces the same volume of carbon dioxide, the decrease in 

• • 

X 

volume due toC02absorptioifinC, multiplied_by— (a; being 

the volume of the original gases left after aborption of the 
CO 2 and 0) represents directly the percentage of carbon 
monoxide in the original gas sample. The percentage of 
hydrogen is now found by calculation, according to the 
following metljod : — 

• Contraction on combustion =23 c.c. 

Carbon monoxide found by CO2 absorption = i*6 c.c. 

— = ‘80 c.c. or oxygen corresponding to i-6 c.c. carbon 
2 


monoxide. ^ 

- -8 = 1-5 C.C. or contraction corresponamg to tne 
unknown percentage of hydrogen and hydrocarbons. 

But this contraction was due to the union of two volunlcd 
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of hydrogen and one volume of oxygen^ or thr^e volumes of 
gas| and therefore the percentage of hydrogen in the original 
gas •sainple must iiave been— 

1-5 X f *x —y per dent, of hydrogen. 

« ' 

This method of determining the amount of the copi- 
bustible gases was first used by Coquillon, but his 
original apparatus has been modified, as shown, by Winkler 
and by Sodeau. This method of testing for carbonic 
oxide and other combustible gases is much to be pre- 
ferred to the more customary method of using an acid or 
ammoniacal sol^^tion of cuprous chloride for tlieir absorp- < 
tion in the ordinary form of pipette, since such a solution 
does not yield accurate results unless freshly made for each 
test. This precaution is troublesome, and is seldom 
taken by users of the ordinary Orsat apparatus ; hence 
the carbonic oxide tests recorded for flue-gases are seldom 
correct. ^ 

,The Orsat apparatus, as modified by Sodeau, is the most 
convenient and practical form of gas-testing apparatus for 
works use ; and when in charge of a man having experience 
in its use, the results obtained are sufficiently accurate for 
all technical epurposes. 

Only two solutions are required for this modified Orsat 
apparatus, namely, Caustic potash of i-20 sp. gr., and an 
alkalihe solution of pyrogallk acid. 

The former solution is best Inade as required, by dissolving 
23 gram^ (or ij sticks of the usual make) of pure caustic 
potash in 140 c.c. of distilled water. This solution should 
be transferred to the absorption pipette which holds about 
150 c.c., without delay or exposure to the air. It is not 
advisable to make large quantities of caustic potash solution 
at one time. If stored in corked bottles iH rots the corks 
and absorbs CO 2 from the atmosphere ; while if kept in 
stoppered bottles it causes the stoppers to bind themselves 
fast in the necks. 

The pyjogallic acid solutionpis made by dissolving 20 
gr^ms of pyrogallic acid in caustic potash solution of i*2b 
sp« gr. I^e ^ausfiC potash solution (ij)0 c.c.) is first pre- 
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pared as above, aiM when cold is pourdd upon the weighed 
amount of pyrogallic* ^td contained in a small* flask. This 
must be kept corked while solution occifl:^ and tlTe scifiUon 
•must then be quickly* trinsfesred to the second ateorption 

The solution of pyrogallic acid in caustic potash is of 
dark brown tint, and decTpens rapidly in colour, as it be- 
comes further oxidized. It absorbs oxygen rapidly when 
warm, but only slowly in the cold, and the Orsat apparatus 
should therefore be kept in a room rather above the normal 
temperature. • • 

The Orsat apparatus will only yield correct results when 
kept clean and in good order, with all the stop-cocks and 
•joints well attended to. At monthly intervals the glass 
stop-cocks ought to be removed from, their sockets and 
thoroughly cleanod with soft paper. A thin coating of 
refined lard, or other suitable lubricant, may be eihployed 
to make them turn easily after cleaning. Any mishap with 
the 1-20 sp. gr. caustic potash solution in G, whereby it i 5 
drawn up past the stop-cock, 'must be followed by the 
removal and washing of this. Inattention to this precaution 
may result in much delay and expense, owing to the stop- 
cock sticking fast in its seat, as a result of the wetting with 
(?austic potash solution. 


Ill Tests for Moisture and Soot. 

• 

Owing to the high specific Heat of aqueous vapour (see 
p. 133), the percentage of moisture present in the waste 
gases from boilers is of more importance than is generally 
recognized, and it is unfortunate that so little accurate 
information is available relating to this consfituent. This 
absence of accurate data is partly accounted for by the 
difficulty of obtliining correct results in the tests made for 
moisture. Condensation of the moisture occurs upon the 
inner walls of the sampling tubes before the weighed absorp- 
tion apparatus is reached, and the soot and dust present 
in the chimney gases also add to the difficulty of the deter- 
mination. • 

The following method is as satisfactory as any that can 
be de^sed, the sdbt and dust being determined at the same 
time Ijy actual weighing in the ^ter tube, shown in Fig. 46. 
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Tlae glass twbfe shown is of hard potash glass, 9 inches in 
leqg^, dnd abcJu^ J incli in internal diameter. The 
lower fnd is founded off and is provided ^yith an- 
opening inch \n diapieter. The upper end is pro- 
^dded with a tutfulus and rin^, by the aid of which it 
is firmly att^^ched to a screwed inch wrought iron pipe, 
by means of a cap, which holds the glass ring firmly against 
the end of the iron fiipe. Asbestos packing may be used 
to render this joint gas tight. The glass tube is filled through 
the lower opening with long and silky asbestos fibre, ex- 
cluding all fine dust, and after heating carefully over a 



no. 46. —SOOT FILTER. 

Bunsen burner flame, the tube and its contents are allowed 
to cool, and are weighed as accurately as possible on a 
balance or scales reading to i-iooth i)f a gram. 

The filter tube is now attached by the s&ewed cap to the 
wrought iron carrier, and this is fixed in the sampling hole 
of the flue in such a position that the lower opening of the 
‘filter tube is about the centre of the flue and of the passing 
gases. *Ffom the increase in» the weight of this tube, the 
Amount of soot ^nd Just can be calcijlated. Care must, of 
course, be ttiken to clean the exterior of the tube thoroughly 
before the s^ond weighing. 

Tbfe projecting end of the iron carri^er tube^,is arttached 
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by thick rubber tubing*to Jhe moisture absorpHoh apparatus 
shown in Fig. 47. Tlffe wash-bottle contains *i5P c.c^» f)f 
eold wat^r and serves to condense the maifi portion (A tlie 
moisture, while the two cakiiftn chloride tubes reftiin the 
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FIG. 47.-*-moisture absorption apparatus. 


remaining portions of moisture present in the waste gases 
The compete apparatus is weighed before and alter making 
the test, with as much accuracy as the scales ii^low, and 
from the gain in weight the moisture present per cubic foot 
of waste gas is calculated. If any condensation of moistnrt 
occurs between the soot filter and the water absorption 



FIG. 48. — water-aspirator FOR TAKING SAMPLES. 

• 

apparatus, both tests will fee spoiled. For this* reason it 
is necessary to hav^the wrought iron pipe carrying the filter 
entirely sunk in ttie flue, and to use only a very short length 
of rubber tube for connecting it to the secomi apparatus. 
ThS aspiration^of gas through the smoke filter and water 
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absorption a^arattis is best effected hf a |water aspirator 
ofc^impk desi'^ (shown in pig. 48)', ^h*e volume of gas which 
h^jj'passed bein^ calculated from the volume or weight of 
water \yhich is collected in tjie lo^ei' vessel. • * 

The degree of accuracy# whigh can be obtained with the 
^apparatus desdtibed above depends largely upon the careful- 
ness with which the measuring and weighing operations are 
carried out ; and a special balance will be required if n^any 
tests of this kind are to be made. A large water aspirator 
and a fairly rapid current of gas through the apparatus are 
the other condifions of success. 

The solid matter retained in the filter tube will consist 
partly of unconsumed carbon, and partly of fine particles of 
ash and other inorganic matter. • 

If it be desire(J to determine the proportion of each of 
these, it will be necessary to place the tul^ in a special form 
of confbustion furnace, and to bum the carbon of the soot 
to CO2, by heating in an atmosphere of oxygen. This CO 2 
*is then absorbed by caustic potash and by caustic lime, 
and froifi the increase in weight of the absorption apparatus, 
^he percentage of carbon in the soot is calculated. Details 
of’the method will be found in any text-book dealing with 
the analysis of organic substances ; but it is one which is 
obviously bfeyond the scope of tlie present work, and requirefs 
a trained efiemist for its successful operation. 



CHAPTER XIII. 


TJie Use of Continuous and Recording Gas- 
Testing Apparatus. 

A LARGE number of continuous and recording gas- 
testing instruments have been devised in recent 
years by chemical engineers, and are now being used in 
pbwer plants for checking the work of the ]joiler-fii*emen. 
These instruments are somewhat complicated in design and 
working, and requflre skilled attention to* keep them in 
working order— but when placed in the charge of* men 
who have l^een trained specially in their methods of use and 
care, and have sufficient time available for the work, they 
yield very satisfactory results. The tests obtain?d with 
these instruments, however, must be supplemented by the 
methods of sampling and testing described in the previous 
chapter, for neither the hydrocarbons nor carbon-monoxide 
gas are recorded by these automatic testing* appliances, 
and the losses due to the presence of these combustible 
elements in the waste-gases may be so great, that no method 
of testing which ignores their presence can be considered 
totirely satisfactory. The takhig and testing of snap- 
samples of the exit-gases is also useful as a means of checking 
the accuracy of the recorders — for like most automatic 
apparatus, these appliances occasionally get out of order 
and make records that are incorrect. 

The automatic gas-testing instruments may be divided 
into two classes — those depending for their action upon 
carbon dioxide cAsorption in caustic potash or by lime, 
and those based upon the observation of some physical 
characteristic of the waste gases, which varies in definite 
ratio and within fixed limits, ^^ith different percentages* 
of the same gas. To the fir^ of these classes beipng the 
Sarco, Uehling, Simmapee-Abady, Bimeter, Auto-, and 
Mono-rqcorders— while to the second beibng .the Kiell, 
Arndt, Haber and ^elezometer instruments. 
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The Connections between Testing Instruments 
AND* THE Flues. 

As •generally airanged, automatic instrument with a 

recording attacljment is Installed in a closed cabin or case in 
the boiler-house, and connection from this instrument to the 
side or drop flues of each boiler of the installation is made by 
one long main of ^-inch wrought iron pipe, with branch ^ 
connections of the same diameter. Each branch pipe to 
the boiler flug is provided with a cock. Filters filled with 
glass or wood wool are employed on the main suction pipe 
tp retain dirt and soot. By means of a fan or pump, gas 
is drawn continuously from the flues through these connect- 
ing pilpes to ^he testing apparatus, and by opening only fhe 
cock leading teethe flue of the boiler or boilers under test, 
the gas sample can be varied as required. 

Many objections, all bearing upon the accuracy of the 
results obtained, may be urged against this, method of 
obtaining the sample. The distance of the testing apparatus 
from the boiler flues and the presence of a very large number 
of, cocks and soot filters on the one line of pipes, may cause 
kir leakage, and consequently incorrect CO 2 tests. The use 
of iron pipe leads to corrosion by the chimney gases, ai^to 
absorption ^f some portion of the constituents. In some 
cases so serious is this corrosion and formation of deposits 
within the pipes, that great difficulty is experienced in keep- 
ing these open for the passage of the gas sample. The large 
volume of stale gas contained within the long length df 
sampling pipe, and in tlfe soot filters, is another cause of 
incorrect results, since the speed of the fan or pumps is not 
sufficiently high to clear this gas out in reasonable time. Six 
times the volume of gas in fact must be drawn through these 
pipes and 'filters before all the stale gas can be considered 
to have been removed. 

The following recommendations are Vherefore made for 
connecting the automatic recording apparatus of any type 
to the boiler flues ; and only when these have been strictly - 
followed can confidence be placed in the test results. 

^ A w,ater injector pump of J;he t5q)e shown on p. 138 should 
be employed for drawing the gases from the boiler flues. 
Tliis pump should be fed from a water tank placed 20 or 
more feet .above the ground, fed from the general wato 
suM>lyby aballtap, and provided withafiltering ari^mgement 
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at the lead nin-ofl pi|fe, which carries the water to the pump. 
This plan ensures a constant head,of clean water, and ther^ 
foje constant work of the injector pump* with freed^ 
from periodic stoppages* dfic tc^ the coHection of gyit or 
dirt i{i the water-jet. * • 

The connecting pipe from the Recorder ft) ttie individual 
boiler flues should never exceed 50 feet in length, ^nd should 
' be cqpLStructed not of iron or lead, but of 6 ft. lengths of 
glass tubing, \ inch in external diamefer, joined together 
with couplings of the best red rubber, wired on. These 
joints should be renewed at once when the^-ubber begins 
to crack— they will of course require attention, but if good 
rubber is used they will last six months or more. At each 
bfanch to a boiler, or to a main-flue, a glass stop-cock and 
“ T "-piece must be inserted in the line, with the longer leg 
pointing vertically downwards. The tubq that actually 
passes into the flue is attached to this leg, and must •be of 
I inch external diameter hard potash glass, in order to with- 
stand temperatures up to 800° C. without softening or melt- 
ing. These dependent tubes where they pass thro«gh the 
brickwork of the boiler setting, should be protected by 
flanged iron guard-tubes of % inch or i inch diameter, and ‘ 
shguld be fixed firmly in these with the aid of cork bungs. 
The glass stop-cocks must be regularly cleaned aji(> greased— 
and once a week the tightness of the whole system connect- 
ing tubes must be tested, by closing all the stop-cocks and 
working the>Yater jet air-pump until a vacuum of 10 inches, 
*aiS registered by a gauge connected to the line near the pump, 
is attained. Should this be impossible, the leakage that 
destroys the vacuum must be sought for and stopped. At 
frequent intervals the dependent tubes that pass into the 
flues and the main length of connecting tubes must b^ freed 
from internal soot and dust, by aid of low pressure steam, 
or by flushing with warm water, the hard glass tubes being 
withdrawn from/ the flues and cooled before treating in 
this manner. 

As regards the number of connections to cue Recorder, 
it is advisable to have one Recorder installed for every si\ 
boilers, and to be able to connect the instrument as desired 
to the flue (in the case of Lancashire boilers) from either the 
right- or left-hand bdiler-fire and to the main-flue behinfl 
each boiler. This fives a maximum of eighteen connections 
on any^ one line. The cabin or cupboard in which the 
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' recording apparattis is installed shoylrfbejjlaced centrally, 
S^i^that .thke oj the boilere are oh#one side of it, and three , 
on ^he other, fllie tubes should be laid with a fall awjy 
from the central connection ^o the Recorder, in firder that 
any moisture wljich condenses in the line, may be removed 
by opening tfie end stop-cock of each branch. 

The Soot'filter can be constructed of sheet-lead, although 
a glass one constructed on the laboratory desiccator principle 
would be better, and should be placed close to the Recorder, 
so that there^ is only one on each connecting line — this 
can then be kept under constant observation. It must be 
of the circular, flat, shallow type, as this gives a large 
filtration area with a small cubical capacity, and there is 
consequently ^ess “ lag ” in the test records. The joiftt 
between the tw(^ halves of the filter is made with a rubber 
gasket-ring, and two external rings of hard lead, or iron, < 
provi&ed with bolts and thumb-screws. Glass-wool or 
asbestos-felt, supported on wire-gauze is used ,as filtering 
medium, and^this must be renewed daily or oftener, accord- 
ing to 1.he amount of soot contained in the waste-gases. 
Th§ advantage of placing the filter close to the Recorder 
is* that only the gas actually tested is passed through it— 
whereas if placed upon the main connecting line, all the gas 
withdrawil by the pump from the flues will pass through it, 
and it wilk require cleaning much more frequently. 

A separate recording apparatus for constant operation 
should be installed for testing the whole of the exit gases 
at the base of the chimnfty, since this will enable useful* 
data concerning the efficiency of the whole boiler-plant to 
be obtained. 

When the flue from the boilers or economizers to the 
chimney is a lengthy one, the requisite connections should 
be made for* collecting samples at two or more points along 
it, in order to detect air leakage. r 

Under this plan of arranging the testin^'system a battery 
of say fifteen boilers would be provided with four testing- 
instruments— and continuous tests of the gases from any 
.boiler of the battery, from^six points on the main flue, and 
from the base of the chimney, 9ould be obtained as and when 
jequirei 


*158 



WA^E ^ASES 

II. Descriptions of tjie Various FoRjfs of <^ontinuous 
Testing and ifecoRDiNG-AppAR^TUs • 

•(a) Th0t*'Ado^ " or'' SafKO ” Recorder.— 'ftiis is the oldeS: 
and most widely used form of testing apparatus for obtaining 
contiguous and regular records of the CO a* contents of the 
waste-gases. Fig. 49 shows, the latest form o[ the Sarco 



FIG. 49. — THE SARCO RECORDER. 

Recorder. The power for actuating the instrument is 
supplied by a fine stream of wafer with a head of about 
two "feet, which enters the tubg shown on the left-h^d side 
of the figure. The rate of flow, and therefore of operation,* 
^n be yaried by altering the size of the fet used for the 
sinall glass injector. The water admitted gradually fills 
the measuring vessel shown in .the centre of the figure, 
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and when it, reaches a fixed point on •the 'tube connecting 
vessel {o the gas-sugply, th§ Vater Is automatically 
^^J^oned out, Jird loo c.c. of the gas to be tested are drawn 
into the vessel, ^'his gas,, as the 'water again risies in the 
measuring vessel, is forced intf) the solution of caustic potash 
(sp. gr. 1-27)' cc)ntained in tfie large vessel shown on the 
right-hand jiottom corner ©f 'the figure— and as the gas 
bubbles up through this solution, any carbon-dioxide con- • 
tained in it is abso^-bed. The residual gas now passes up ' 
into two tubes containing floats, placed directly above the 
absorption veTisel, and by suitable mechanism a record is 
obtained on the paper attached to the revolving drum of 
the volume of this gas, a vertical line being marked by 
the ptn attached to the lever for each separate test. When 
the volume 0*1 remaining gas is 100 c.c. (i.e. when no CO2 
is present), th;/ line extends the full width of the lined ^ 
papef; when 10 per cent, of CO 2 is present, the vertical 
line extends only up to line 10. The clear space above 
the line thu? measures the percentage of CO 2* present in 
the flu® gases at any particular time during the day, and as 
the frequency of testing can be varied at will, the average 
of the day's work can be ascertained by means of this 
apparatus. It is customary to arrange the controlling 
mechanism so that samples of gas are drawn from the flhes 
and tested every ten minutes. The “ Sarco " apparatus 
requires careful adjustment and control, and the ,KOH 
solution must be renewed at intervals depending upon the 
frequency of the tests, c , 

(b) The Uehling Gas nComposimeter . instrument 
is an American invention, and is not much known in other 
countries, although a pyrometer based on the same principle 
i§, widely used in iron works in the United Kingdom. The 
gas compostmeter is shown in Fig. 50. Its working is based 
upon the law which governs the flow of gases through small 
apertures. V 

The two gas-containing vessels of different capacities 
a:e placed in connection with a steam-jet aspirator, and 
„ with the flue. The apertures connecting the smaller vessel 
with the other, and the 'second or larger vessel with the 
flue, afe jmall and# of eqifal size. '\^en the aspirator 
^s set to work, a partial vacuum is produced in both vessels, 
consequent^upon the fact that gas is 6 eing draw^i out cj 
them more quickly than it can enter ; and the vacuum as 
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measured by jnanoipeters attached to*each>essel is found 
to be twice as great in* the smaller as in the larger \i^^l. 
xf now the gas passing.through the larger ^fcssel be subfWfted 
to the action, of a solvent >»hich absorbs and vflfhdraws 
onj of Its constituents, thcvacflum in the .second chamber 
or vessel wUl be increased, and the difference between tfie 



FIG. go.— THE UEHLING GAS-COMPOSIMETER. 

partial vacuum in the two vessels will be diminished in 
like ratio. The absorption of COg from furnace gases by 
caustic potash can therefore be utilized to cause differences 
in ^he pressure ratio in the two gas vessels ; and by proper 
calibration a means Jfor ascertaining the percentage of C(J| 
•»in the, gases is obtained. To embody this pflnciple in a 
practical apparatus the following conditions 'must be ful- 
filled.-w(i) ^The must be brought into the, apparatus 
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mider a constat tehsion and must be di awn through the 
tw6. apertures with a continuous and^unifonri suction. (2). 
Bol^ apertures* rmis'c be located in a part of the apparatus 
which is»*maintainedcat a constant temperature. (3) Pro- 
vision must be made for keeping these apertures perfecjly 



FIG. 51. — THE SIMMANCE-ABADY RECORDER. 

0 

clean. (4) The larger chamber must be made perfectly 
gas-tight. (5) The constituent to be absorbed must be 
entirely removed while the gas is passing through this 
part of ^le apparatus. ‘ 0 

I The Uehling insti^ent is made in two forms, the first 
with, and tjie setond without, a recording pen and drum.^ 
Fig. 50 illustrates the latter type. 

(c) The Simmance-Abady^ Recorder.^This instrument is 
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illustrated in Figf. 51 and in some of its features resembles 
the Sarco apparatus, foj water supplies the mrtive 
power, and the CO 2 is absorbed by bnbpling up thi;^^h a 
solution of caustic •potash, ^ contained in a ste^l vessel, 
enclosed in the lower poftion*of the case which contains 
tRe apparatus. About 600 cubic centimetres of the flae-^ 
gases are drawn from the fkie at definite intervals of timef 
and a measured portion of this volume is employed for each 
tfist, in that portion of the apparatuS called the “ analyser/’ 
When the flue-gas has been transferred from the “ ex- 
tractor ” to the “ analyser,” the CO 2 is absorbed, and owing 
to such absorption, the analyser bell will not rise to its 
full height. It is allowed to work automatically and to 
rise as far as it will, where it remains for a few* seconds, 
and then drops a little as the heat of the* chemical combi- 
nation disperses ^nd the absorption is ^'(^mpleted. At this 
point a pen descends, and marks downwards from* the zeto 
on the chart to the position of the analyser bell. A bojt- 
wcod scale on the side of the recorder-tank is graduated to 
show ioo per cent. CO 2 at the bottom, and 0 p«r cent, at 
the top— and the capacity of the bell (shown on the l^t 
in the fig.) is such, that when the test is made with air, 
the whole of the sample is transferred to the recorder bell 
*on the right, which then rises to the zero poinf on the scale. 
When a sample of flue-gas is admitted into tjie apparatus, 
exactly the same quantity is passed from the extractor 
bell through the analyser vessel into the recording bell, 
but owing ‘to the absorption of CO 2 this bell does ndt rise 
up to its full height, and the deficiency is registered by the 
fall of the pen to the point reached by the top of the tank. 
The bell then discharges its residual gas, and sinks to its 
original position in readiness for a new charge of gas, minus 
its CO 2 contents. • 

{d) The Bimeter CO 2 Recorder . principle upon which 
this Recording ^instrument is based, is that of measuring 
the volume of flue gas before and after absorption of the 
CO 2 by two ordinary gas-meters, the actual absorption 
occurring in a vessel containing slaked lime, and the tempeca- 
ture of the gas before and aftefl" absorption being controlled 
by water cooling, in order* to eliminate errors 3 ue to Jhe 
differences in volume caused by the temperature changes. 
Fig. 52 shows the appearance of the instruryent. The gas 
is drawn through the apparatus by means of a water-aspira- 
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ter, and the difference between the speedfe of* the two gas- 
provideVa measure of^the amc^nt of C'Oa in the gas. 
The$e« meters arej connected by a differential gearing to 
the mechanism that, actuatesi the Vecording pen.’ After a 
certain definite vo^ime of gas has passed through the first 
^ nfcter, the pen made to drop to its initial position, from 
ewhich it starts to rise again at a* speed dependent on the 
proportion , of CO 3 absorbed. The maximum number jpf 



tests per hour possible with this type of recorder is 25— 
the number can be lowered by reducing the volume df gas 
passing through the meters. The record-chirt for 24 hours 
is 15 inches long, and the drum carrying it is seen in the 
centre of the fi^e. 

^ ‘T^e chief advantages of this type of recorder are that it 
is sipiple in construction and in its method of operation, 
and that its running eost is low ; for ^aked lime is much 
cheaper than^ caustic potash, and one peiwiy per month is 
stated to be the outlay upon this material. The instrument 
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IS enclosed ill a mel^ocase ajid contains do ^lass pbM or 
mbber connections, points in its favoftr: which wiU Appeal 
to engineers plough rfot to chemists, wjio prefer to€ee inside 
any apparatus they use. Jpor use therefore in works where 
air the testing is in the hands of engineers, the Bimeftr^ 
Recorder is probably the-most suitable, aiid-least likely to* 
get out of order. ^ 


(e) The^ Auto-Recorder.— recorder is shown in dia- 
grammatic form in Fig. 53, and like the tw^o first described. 



the instrument ^depends upon Si^ieam of water for its 
motive power, and upon caustic potash as the absorption 
chemical. The water enters the apparatus by the funnel 
ind passes down into the large vessel D through the sliding- 
i^’afve at C. ^When the chamber D is quite filled wi^h water 
this overflow's by th^^pipe E into the vess^ M, and thence 
nto the lower vesiel containing the float G—anfl the conse- 
jueot rising of this float causes two motions* which start, 
lad COTy forward Jhe testing opferation. In the ^rst place, 
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thtf-i^oat as it rises pushes up the v^lve C, a&id closes the 
water-supply at tliiS point— at the same time opening the 
passage H by which# the water escSipfes from D tod* draws 
in a sample of the flue-gas tfirough E and L. In the second 
p&ce, the rising* of the float G causes the sliding valve at 
"K to move to<the right, and puts’ the measuring vessel N 
into communication with the tank D, through the pass^e 
0, so that a sample of the gas passing into D is drawn also 
into N as the wa^er sinks. When the tank D is quite emp- 
tied, the syphon at J comes into operation, and by discharg- 



FIG. 54. — the mono recorder. 


ing the water from the lower tank, causes the float G to 
faU and the valves C and A to return to theh first positions. 

D and N therefore are now slowly filled again with water, 
and the surplus gas in the former is forced out into the 
atmosphere, whUe the measured volume m A is forced up 
tiirough the pipe B into tiie absorbing tank T, where^i* 
collects finder the bgll S, and is speedily deprived of its 
• CO. bv the caustic potash solution contained in this tanK. 
Then the taqjc D again overflows, and the discharge of the«i 
water again causes the movement of the sliding v^ve aj A, 

the reJdual gas und^r S is drawn through R into# theifiecQnd 
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measuring vessel L^, 2L^d any deficiency oi require^J to 
fill U (due to the al 5 sorption of the £@2) is made u'p by 
withdrawal from that fiontained in the® bell V, suspended 
from a weigBted lever, to*wfiigh is aftached the*recording 
pfti at X. The downward movemenlf oj this lever afjer 
each test is completed, therefore gives a measure of the per-* 
centage of CO 2 in each sample of gas drawn into N, and is 
rdfcorded on the clockwork drum- chart shown at Y. 

(/) The Mono Recorder .* — This instrument differs from 
those previously described in the fact that it is a combi- 
nation CO 2 and 0 recorder, and may be used for either gas 
■ — while by the addition of a further “ appurtenance it is 
, possible to make the instrument record the percejitage of 
carbon monoxide. The power which actuates the mechan'sm 
of the instrumei\t is derived either from compressed air or 
water, mercury being employed in the measuring tportions 
of the apparatus, where the gases come into contact with 
the fluid»medium. The gas, after being cooled and measured, 
is deprived of its CO 2 by bubbling through *a caustic potash 
solution contained in the tank shown at the right-hand 
bottom corner of Fig. 54. The residual gas then passes ifj) 
into the measuring bell, which actuates the recording 
•mechanism, precisely as in the Sarco and Simmance-Abady 
instruments. When it is desired to record oxj^gen, the gas 
stream is made to pass through an electric-oven fixed on 
the top of the instrument, in which the oxygen is brought 
into contaot with heated carl^pn, with formation of GO 2 in 
equivalent amount. The gas jissuing from the oven is then 
cooled and passed through the remainder of the apparatus 
as before ; the difference of the two consecutive tests will 
give the percentage of oxygen contained in the gas. ^ Carbon 
monoxide is determined in the same manner.. This method 
of estimating the oxygen and carbon monoxide, however, 
is dependent upon there being no other gases present which 
will combine with carbon at a red heat^and a mixture 
of hydrocarbon gases, carbon monoxide, carbon dioxide, 
and oxygen, cannot therefore be analysed in this manner, 
even if a uniform sample of gas could be drawn upon for 
all the tests. • 

(g) The Webster Combustion-Indicator instrum&it 
► ishot.a recordings apparatus, but gives a con tiAuous reading 
of^he CO 2 present in the boiler or chimne/ gases, and as 
Tt.is con^)arativ^y simple in construction, pd has no 
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moving parts^ it;has\net with some success ii\the Bradford 
disliict of Yorkshife^ where ilr was fifst introduced. Fig. 55 
is af dfegram illustrating the principle, upon which this CO* 
indicatof works. Atwater oitst^am aspiratoi (on the left) 
draws the flue gas continuously through the instrument, aj;id 
after passing through the filter, the gas enters a chamber 
containing a {)orous pot, charged with a solid absorbing 
medium for CO* gas. eThis chamber and pot are connected 
as shown by two vertical pipes or tubes with a vessel con- 
taining water, and the difference in pressure between the 
gas in the outer chamber, and that inside the pot, due to 



FIG. 55. — THE W.R. COMBUSTION INDICATOR. 


the absorption of CO*, causes the water to rise in the pipe 
that connects the porous pot with the water tank. By aid 
of a graduated scale attached to the latter pipe, the per- 
centage of CO* can be read off directly— fths of an inch 
in height being taken as equal to i per cent. CO*. The 
indicator is said to respond quickly to any changes hi the 
composition of the flue gases, and if placed in a position 
where the fireman can see the fluctuations of the water 
column, it provides him with a useful help to the efficient 
control of his fires. The cartridge containing the soKd 
absorbent^s said to require renewing only every other day, 
but the period fo| wnich it will act efiiciently depends of 
course upon ^e CO* contents of the wastii gases. 0 
(h) The C(X| Thermoscopc. ^Although the CO* thengio- 
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scope is neither cbntinuous nor recorcfing in its action, it 
may be briefly noticed here, ior the princJjple upon \yhich 
it is based is capable application to*atrecording typi of 
apparatus. Xhe instrunfent i^shown ii^Fig. 56, and depends 



FIG. 56. — THE CO2 THERMOSCOPL. 

^ for its action upon the heat generated when cjrbon dioxide 
gas iS brought Rito contact with dry caustic soda— the 
^cMmical reaction which ensues leading to a generation of 
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heat which is.^ropdrlional in amount .to* th^ percentage of 
C©2»contain5d in^the gas sample. * 5 he instrument consists 
of ^ cylinder fitted with a plunger ,by means pf which a., 
definite •and measured volutn^ 3 the gas ^from file flue 
is drawn into th^ cylindeV. This gas is then forced •by 
the downward movement of the plunger through a small 
cartridge coAtaining dry pulverized caustic soda. A 
thermometer is placed in the instrument with its bulbtso 
constructed that it forms a jacket to the caustic-soda cart- 
ridge, and therejore records accurately the amount of heat 
generated. A movable scale is attached to the inside of 
a slot in the cylinder, and by aid of this the percentage of 
CO 2 is read off directly. 

The eight instri:^nents described above depend for their 
action ypon the Stbsorption of the CO 2 6y caustic potash, 
caustic soda or slaked lime ; the four which will now be 
briefly described are based upon the change in som^ physical 
property of the mixed gases, which varies with the proportion 
of CO 2 piresent in the gases, and can be very accurately 
measured. 

(i) The Krell Recording Apparatus.— This instrument 
is shown in Fig. 57, and in principle is allied to the Amdb 
Gas Balance which will be next described, since its action 
is based upon the relative weights of equal volumes of the 
flue gases and air. In the case of the Krell Recorder, fhe 
difference in weight is determined by means, of a very 
delicate differential pressure *gauge attached to two tubes 
of equal height, one containiflg air and the other the sample 
of gas frbtn the flues. The pressure gauge readings are 
taken by means of a slightly inclined glass tube filled with 
coloured "alcohol, which projects from the pressure gauge 
box. The position of the end of this thread of coloured 
alcohol varies with the pressure in the gauge box, aad by 
means of a scale marked in percentages of (50 2 correspond- 
ing to certain pressures, the percentage of this gas present 
in the flue gases at any given moment can be read off 
directly on the scale. This instrument is usually provided 
with accessories by which the; position of the thread of 
coloured alcohol is continuously photographed on a record- 
ing cylinder land {)aper. A continuous* rgcord of th^ per- 
centage of CCS present in the waste gases is thus obtaii^d. 

ii) The Arndt GaS’Balance or Econometer . — This ^ppijratps 
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is illustrated in Fig. 58, and is intended fo be placed in some 
conspicuous position in Ihe boikr house, ^herd its coni^im- 
<?ous indication of the percentage of CO a* in the waste ^aees 



FIG. 57. — THE KRELL RECORDER. 


can be easily seen and the’ variations noticed. Its action 
is ba§ed upon tl^ fact that carbonic aci(?gas i| considerably 
h^vier than air, the respective weights of* i litre being 
l;97 grains and 1*29 grams. Thus an increasing percentage 
• 171 • 






FIG. 58.— THE ARNDT GAS-BALANCE. 

the gases arc passed into the bulb C. The scale of the 
balance is graduated so that •the percentage of tOa at any 
given moment can be read •off directly. If desired, the 
apparatus can be provided with a recording attachment, 
in order that a continuous record of the CO, may be obtained* 
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(k) The Hab'er-Lhem Refractometer.—^Thxs jnstniment 
bas^d upon the measurement oi the refracti'^e tndex of thte 
mixed gases— the method is therefore afti <)ptical one«aad 
^fesembles tRe optical niethods Jor determining temperature. 
Th^ instrument is illustrated in Fig. 59, ^d consists of the 
following essential parts — a prism, a telescoj 5 e and a mierd* 
scope. • • 

TJie gas to be tested is drawn through the prism which 
is made of famished metal and is provided with windows 
for the incident and refracted rays of ligly; to enter and , 
escape. The gas used for comparison flows through a 
casing. When an observation is being made with the 
instrument the observer sees in the field of vision a scale 
which is partly light and partly dark. Ip pure air the 
boundary of the dark zone would coincide with 0° on the 
scale ; in air conteining -9 per cent. C( 5 ^ this boundary 
would coincide with 10° on the scale ; and in air confaining 
9*0 per cent, of CO a the boundary of the dark zone would be, 
at 10 -0 on the scale. • 

The instrument can be graduated so as to yield •the per- 
centage of CO 2 in the waste gases by direct observation, air» 
being generally used as the basis of the comparison. 

If desired, the instrument can be made to record the read- 
ings by a photographic attachment, as in the Krell recorder. 

The refractive indices upon which the instrum«nt is based 
are ^ follows : — 


Hydrogen 

• * 


I -000 139 

Aqueous vapour 



1-000261 

Oxygen . 



. 1-000270. 

Dry air. 



I-00029IJ 

Nitrogen 



. 1-000297 

Carbon monoxide 



. 1-000340 

Methane 



. 1-000444 

Carbon dioxide 



. 1*000452 

Acetylene 



. 1-000610 

Sulphur diojide 



. 1*000665, 

Ethylene 



1-000678 


(/) The Telezometer Recordef.r—Dit principle upon which 
thi^ instrument is based is similgir to that of the Krell Re-* 
corder, the variations in pressure- caused by the differences 
in density of the ordinary air and of the flue-gases, being 
■lipeasurjd and reemrefed. The air and fltfe-gas«are drawn 
by two centrifugal fans worked by a constant speed electric- 

^ m 



•FUEL, WAT]^'AND GAS ANALYSIS 

•motor, through th^ bells marked i, 2, 3 and 4, in Fig. 60. 
lii this Fig* the bells are sjiown dia^kmmSitically floating 
injSgpa^ate vess^lg^, but in the real mstrument i and 2 are 
immerspd in one ^nk, an^ 3 and* 4 in another^-paraM 
oil being employed as contaii^ng fluid. 

!■ The differences of pressure cause movements of*' the 



FIG. 60.— THE TELEZOMETER RECORDER. 


lever W, which are transferred to the pen /, and a record 
of this movement is obtained upon the clock-chart shomi 
at X. The regulation of the inlet and outlet pressures of 
the air-fan 'is carried out by means of a pin-valve, and by 
aid of this valve the instrument is adjusted to the Wo 
position when both fans ^re circulating air •through the 
bells. 



CHAPTOR ! 5 CIV. 

The Practical Applications of the "Gas-Test 
Results. 

I. Calculation of the Total Heat Losses Due to the 
Volume and Specific Heat of the Exit Gases. 

r order to be able to calculate the heat lost daily with the 
waste gases from any boiler plant, it is necessary to»obtain 
figures showing the mean temperature, and the mean CO a 
and CO contents ^ of these gases for the* 12 or 24 hours. 
These returns may be based either upon the average of a 
stated mjmber of snap-tests, or upon the results obtainec^ 
with one of the automatic recording instruments. 

As already pointed out in Chapter XIII, the automatic 
gas testing apparatus only records percentages of CO|„ and 
where any apparatus of this kind is installed, it is still neces- 
j^ry to make occasional tests of the gases with the modified 
Orsat apparatus, in order to be certain that no caf-bonic oxide 
is present in the waste gases. This precaution is all the 
more necessary since the tendency where automatic appara- 
tus has been installed, is to work the furnaces with too little 
rather than with too great an excess of air, in order to obtain 
carbonic acid gas averages abuve 10 per cent. A simple 
calculation will show that it is better to have 10 per cent. 
CO2 and no CO in the exit gases, than 14 per cent. CO2 and 
2 per cent. CO. This is a fact which is not sufficiently recog- 
nized by boiler engineers who have installed automatic 
apparatus, and trust to the records of this alone in control- 
ling the working of their boiler plant. The modified form 
of Orsat apparatus described in Chapter XII ought, there- 
iore to be installed in any works using over fifty tons of fuel 
pg: week. Tests of the waste gases 'should be made with 
this apparatus daily, both as a check upon the automatic 
recording apparatus, and as a guide to the economic word- 
ing of the whole pki!t. 

■ ‘ £02 is the chemical symbol for carbon dioxide, ^nd*CO that for 
caiJ)on^on^xide. , 
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Air contain?,^ in A)und numbers, 2i,plr c^nt. by volume 
of o;tyg^ aild *79,ber cent, of nitrogen. When this oxygen 
is employed for burning solid carbon, it yields the same 
volume «of carboli dioxide g^s. ^ II, thereforo,, tlie ^t^hole of^ 
the oxygen of the^ir could be used up in burning fuel, on 
flie grates of steam-boiler furnaces, and if this fuel con- 
tained nothirfg beyond carboh and ash, a maximum per- 
centage of 21 per ceijt. CO2 by volume in the Waste g^ses 
would be attainable. * 

Two facts rQpder this maximum impossible of attain- 
ment. In the first place, all solid and liquid fuels contain 
hydrogen,^ and the oxygen likewise contained in fuel is not 
sufficient to combine with the whole of this hydrogen, afid 
to yield with if^ aqueous vapour. Therefore some portioif 
of the oxygen of, the air is required to burn the excess 
hydrogen contaified in the fuel. * 

Further, under actual conditions of work, it is impossible 
4to bum solid fuel properly with only the theoretical amount 
of oxygen. Afi excess varying from 50 per cent, to 100 per 
cent, abdve this theoretical amount is required to obtain 
perfect combustion of the fuel. 

The hydrogen present varies considerably in different 
classes of sqlid fuel : in bituminous fuels it ranges, as a rul^ 
from 3 to 6 per cent. By calculating the weight of oxygen 
required to 'burn the hydrogen present in the fuel, and by 
deducting from this the oxygen contained in the fuel, ^ne 
obt^ns the oxygen required from the air. Deducting the 
equivalent volume of this from 20-8, we have the percentage 
by volume of oxygen availalKe for combustion of the carbon. 
This figure for most bituminous fuels is about 19*2 per 
cent., and this therefore represents the maximum per cent- 
age of CO2 which could be obtained by perfect combustion, 
with the theoretical amount of air. Now supposing we 
have an average test for the day of the waste gases of jo per 
cent. CO2, and an average temperature o^ 465° F. at the 
base of the chimney, how are these figures to be used to 
calculate the 2,304 British Th. Units given on p. 58 as 
the thermal loss, under thesp conditions of work ? 

The caViulation is as follows^ — 

» Ten per cent. CO2 Equals an air-consumption of i9'2/io 
or 1*92 tinies tlfat theoretically necessity. As 12 Ibs^^ 

* See p. ^ for constitution of bituminous fuel and the formation 
of hydrocar]2pns on heating coal. 
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of air are theoretically jequired for the conihqstion of 1 16. 
of fuel, this excess of air represents X 1*92 ^'25 Its. 
^^f air /jonsumed per 4 b^of fuel, yielding 24 lbs. ofVSste 
gases. • I * * 

Trhe specific heat of these gases may*be. taken as 0-2^0. 
The loss of heat with the. waste gases per Ib^ of fuel burnt * 
is therefore— 

24*x 0*24 X 4001 — 2,304 Bfitish Th. Units. 

The calculation for any other percentage of CO, in the 
exit gases is similarly made, the maximum percentage of 
CO 2 (19-2) being used as a means for finding the excess of 

afr represented by any given percentage of CO,.® 

* • 

II. Calculation of the Heat Losses Due to Imperfect 
• Combustion. 

o 

The gases due to the imperfect combustion of fuel are 
carbon monoxide, free hydrogen, and certain hydrocarboiB 
of the methane and ethylene series. Sinc*e thejieat pro- 
duced by the combustion of fuel is dependent upon the com- 
plete oxidation of the carbon and hydrogen to carbon dioxide 
gas and aqueous vapour respectively, it is evident that 
•ihcomplete oxidation must be accompanied by Joss of heat, 
and that the amount of this loss will depend upon the 
volume of the unburned hydrogen, hydrocarbons, and car- 
bonic oxide gases. The following methods can be applied 
for calculating these losses frctfii the results of the approxi- 
mate analysis of the waste gases by the improved Orsat 
apparatus described in Chapfer XII ; the percentage of 
carbon in the fuel, and percentage by volume of hydrogen, 
carbonic oxide, and carbon dioxide in the waste gases 
being the test figures required for the calculation. 

(a) Losses Due to Carbonic Oxide . — Fuel contained 80 
'per cOnt. carbon, waste gases contained 2 0 per cent, car- 
bonic oxide, wrth 8*o per cent, of carbon dioxide. Since* 
carbonic oxide yields on combustion its own volume ot 
carbon dioxide, the total volume of carbon dioxide, if the- 
o3$dation of the carbon had been complete, would havebeeli 
2’0 -f 8*0 or 10*0 per cent, t Therefore 2-ioths or i^Sth of 

^ It is assumed thaf the air temperature is <65® R and that the 
net los5 of heat in fAe exit gases is 465 - 65 = 400® F. 

■ This method of calculation gives approximate results only — the. 
egpactiuethod of calculation is^ illustrated on p. 179. 
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tLe carbon had ^scajfed complete oxidation. This is equiva- 
lent 4 o *80 X 1/6 gOr *i6 lb. of carbon. 

Now it has been proved by exp^eriment that when i Ib.^c 
of carboh is burned to carlloivc oxide it produces 4,415 
British Th. Units of heat, wiiile When it is burned to carbon 
dioxide it produces 14,646 British Th. Units. (The differ- 
^ence between the heat produced by the union with the first 
atom of oxygen, and that with the second aton^,of oxygen, 
is believed to represent the work done in converting the 
solid carbon inte the ghseous form.) The heat loss arising 
from incomplete combustion of the carbon is therefore 
14,646—4,415 or 10,231 British Th. Units, and the heat 
loss in British Th. Units for the particular case under dis- 
cussion ^is io,23t X -16 = 1,637 British Th. Units for every 
pound of fuel bui?it. Supposing that the fuel in this case 
had a thermal value of 14,320 British Th. Units, the heat 
lost by imperfect combustion of the carbon and production 
©f 2 per cent, of carbonic oxide in the waste gases would 
amount to 11-40 per cent, of the total heat value of the fuel 
These fighres prove the great importance of testing for car- 
bonic oxide, and the inadequacy of any system of control 
which ignores its possible presence in the exit gases. 

The general formula for calculating the losses due to. 
carbonic oxide is : 

^ Pef cent. CO Percentage of carbon in^l ^ 10,23 1 

^ *“Percent. CO|+percent.CO ^ 100 

in which X represents the Bi^tish Th. Units lost per pound 
of fuel burnt. 

(h) Losses Due to Hydrogen.— The old theory of com- 
bustion assumed that oxygen had a preferential attraction 
for hydrogen in presence of carbon, and that all the hydrogen 
would be buri\ed to aqueous vapour before any of the carbon 
was oxidized to carbonic oxide or carbon dioxide. 

The recent researches of Bone and others upon the' 
chemistry of the combustion process have ^liown that this 
theory is incorrect, and that hydrogen can still exist in the 
free state in the combustible gases, after the oxidation of 
the carbon has commenced* On the other hand, Sodeau 
has proved that by |he use ofoimproved methods, notable 
juftounts of free Ijjydrogen can be fouij^d in the exit gases 
from boiler plants worked with an insuf?,cient air supply, 
andlje giv^ the following analyses of the exit gases from a 
X<m i.p.*water tube boiler‘'of the Expre^ type,ofired with 
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COa 

• 9*0 

II'O 

^•9 

9*2 

CO • 

2*15 

2-8 

I-6S .• 


H. 

•6J‘ 

• 15 


> 


These t*est^ prove coflclusiy^ly that free hydrogen may 
ej^ist in the exit gases froji boiler furnaces in the presence 
of considerable percentages of carbon dioxide, and that tie 
older view that the hydrogen must be first cojjipletely burnl^' 
to, aqueous vapour before the combustion of the carbon 
Occurred is incorrect. It is therefore always advisable to 
test for the presence of hydrogen in the exit gases from 
boilers worked under close supervision as regards air excess, 
since with the escape of i per cent, of unconsumed hydrogen 
dbnsiderable heat losses may arise. 

The method of calculation is less simple than in 4:he case 
of carbonic oxide, since in the absence o^any test for the 
iqueous vapour, •one is unable to state'^the loss as a pro- 
portion of the total hydrogen present in the fuel. It is 
therefor^ necessary first to calculate from the volume per- 
oentages of the gas analysis, the weight of the various gases 
by aid of the sp. gravity figures given on p. 134. 
Faking the first sample given above by Sodeau we ha^;e 
the following figures : — 



Percentage by 

Sp. Gr. 

• Equivalent by 


volume. 

Factor. 

weight. 

— 

# 

..arbon dioxide 

90 X 

1-529 

= 1376 

Carbon monpxide . 

2-15 X 

■967 

= 2-07 

Hydrogen . . . 

•65 • X 

.•069 

= -045 

Oxygen 

8-00 • X 

1-105 

= 884 

Nitrogen , , . 

80 -20 X 

•971 

« 77.87 


ICX )-00 


102-585 


Tlje figure *045 in 102*585 of waste gases is equivalent to 
•0439 per cent, hydrogen by weight. 

By application of the method described in Section I of 
this Chapter we find that a percentage by volume in these 
gases of 9*0 per cent. CO2 and 2*15 per cent. CO, corre- 
sponds to an air supply of .20 -52 lbs. of air, and to a produc- 
tion of 21 *52 lbs. of waste gtses per pound of fuel burnt. The 
weight of hydrogeipwhich is escaping co«ibustion per pound 

• • *'0430 X 21*3 

ofiuel burned in the above case is, therefore, 
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or *009438 lb. Now; i lb. of hydrogen when burned 
completely ta if20, produce^ 62,iog ^Efntish 'Th. Units of 
heat V of heat in the particular case named 

above is, therefore *009458 62, f 00, or 58^ British Th. 

Units, equivalent tp 4 per tent .f, of the total heat value 4)f 
thro fuel. Althoragh the percentage of free hydrogen in 
(the waste gasee by volume may be small, it is thus seen to 
be of considerable importance in its effect upon the he^it 
losses, and its presence ought always to be made flie subject 
of special tests. ^ 

(c) Heat Losses Due to Unburned Hydrocarbon Gases . — 
Since the hydrocarbon gases, methane, ethylene, etc., will have 
been burned to carbon dioxide and aqueous vapour respec- 
tively, in the combustion pipette described in Chapter XII, 
and have been returned in the test as carbon monoxide and 
free hydrogen, it is unnecessary to make ‘^ny separate cal- 
culations for the heat losses due to the presence of these gases. 
TJie error in the final result is negligible, for both elements 
exist in combination in the gaseous state in the hydro- 
carbon gases, and the thermal energy required to render 
them free is probably small. The thermal values given for 
the combustion of free hydrogen and of the gaseous atom of 
carbon in carbon monoxide are therefore applicable ; and, 
the calculations given under a and b include the losses due 
to the possible percentage of these hydrocarbon gases. 

III. Calculation of the Heat Losses Due to Air 

LeAIvAGE. 

(a) At the Dampers. — Tests of the CO2 present in snap 
samples of the exit gases drawn simultaneously from the 
sampling hole just within the damper (on the furnace side 
of it) and from the nearest sampling hole on the chimney 
side of it, at a distance of at least two yards, are made. If 
the tests differ by less than half of one per cejit. the airleak- 
age may be regarded as slight. 

In some cases, however, it will be found that a difference 
of 2*0 or more per cent, exists between the tests of the two 
samples. The excess of air and heat loss represented bj^ 
this differehce is then calculated by the method given under 

» This assumes thai the latent heat of the ste^am produced„is re- 
covered. If the^ water passes away from the apparatus as vapour 
at 212^ F. figure is reduced tp 53406 B. Th. Units. 
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Section 1 of Jih\s Ghapter. It is adfisabja when makirfg 
use of this method tocheck the air leakage af theb dampers, 

' • to ma^e the test wh«n Jhe boiler fires are burned red, %nd 
to see that nb kiterferencebw?1!h the fhes occurs dwring-the 
Scflnpling operation. Both sampling twbes should be in- 
serted an equal distance into the flues ; anfl it. is of coufse, 
necessary to take the second sample of ga? from the flu(f 
at a poin^ where the exit gases frem other boilers have 
not had a chance to mix with it, and to change its com- 
position. 

Air leakage at dampers and through the flues of incom- 
pletely dampered off boilers is a prolific cause of bad draught 
, in most boiler plants, and attention to this defect is urgently 
needed. Since the cold air drawn into th^flues in fhis way 
does not pass through the furnace of the boiler it may be 
argued that tlie heat loss is negligible." In most# modem 
boiler plants, however, economizers or feed water heaters 
are emjdoyed for extracting some portion of the heat from 
the waste gases ; and the dilution with cdld air, drawn in 
through the dampers of the boilers, diminishes ^eatly the 
efficiency of this accessory plant. The use of gas besting 
apparatus for discovering and checking this leakage is, 
^therefore, of considerable importance. , 

(b) 'Ihrough the Brickwork of the Boiler Setting, Econo- 
mizer and Flues. — The method of making* the test is 
described under {a). Simultaneous snap samples are drawn 
from different sections of the ^ue, and are tested for tljp per- 
centage of CO 2 . The gradual reduction in the percentage 
of COo, as the sampling apjproaches the chimney, is the 
measure of the air leakage. The calculation of the air excess 
and of the heat loss, is carried out as already described in 
detail under Section I of this Chapter. In nearly every case 
where special attention has been devoted to this subject, 
consfderable air leakage through the brickwork of boilers 
and flues has been found ; and the casing in of the rough 
setting of these, in glazed bricks or in sheet iron, has been 
found to result in considerable economy. i It must be pointed 
opt here that leakage through the brickwork setting of* a 
boiler, or through the economizer walls is a direct source of 
heat loss, since thei:old air which leaks ijito the flues in Ais 
• way is raised tOi the boiler or economizer temperature by 

, • • 

^ Repointing the brickwork apd tarring the same is onlv a 

tAnp<ftar/remedy*for this evil. • 

l8l 
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h^t abstracti6R from the boiler plates sfnd economizer tubes. 
The^rdifiary direction of heat transfer is therefore reversed, 
wim*direct loss to the efficiency o£ the boiler or ecoaomizep'’ 
plant. • • • 


IV. Calculati6n of the Initial Furnace Temperature. 

^ The test results of the exit gases can be made use of to 
calculate the temperature attained in the combustion area 
of the boiler furnace. The method is based upon the calorific 
value of the fuil, and the weight of the products of com- 
bustion per lb. of fuel burnt. The former figure is ob- 
tained by one of the methods of direct test described ,^n 
Chaptejs IV and V ; the latter is calculated from the results, 
of the approxinmte analysis of the waste gases, as described 
in Section I of Jhis Chapter. ^ 

Taking the case there given, in which the gases contained 
10 per cent. CO2 and no carbonic oxide or unburned hydro- 
gen, this was found to correspond to an air excess of 1*92 
times th^ volume demanded by theory, or to 24 lbs. of waste 
^ases per pound of fuel. The specific heat of these gases 
was, ‘however, *24; therefore 576 British Th. Units would 
be required to raise the temperature of these 24 lbs. of waste 
gases through I'oF. Taking the heat value of fuel in thisf 
case, at 14,2^00 British Th. Units, it is evident that the fur- 


nace temperature must have been-y^ or 2,465° F. 


Sfiould the combustion of the fuel be incomplete, and 
carbonic oxide, hydrocarbon gases or free hydrogen be 
present in the exit gases, it is necessary to deduct from the 
thermal value of the fuel the thermal units correspond- 
ing to the amount of these gases per pound of fuel ^umt. 
These are calfculated by the method given under Section II 
of this Chapter. The balance of heat units produced by the 
combustion of i lb. of the fuel is then divided by 576 as 
in the previous example. 

Since the rate of heat transfer from the hot gases on the 
one side of the boiler plate, to the water on the other side 
of the plate isdepeq^ent upon J:he difference in temperatfire 
between the two, and increases directl5j; as the temperature, 
it is evident thal a high initial fumade temperature ist^ 
requisite fer the most economical working of boilers. ,The 
^thod ^calculation described above is^the sigipl^^t qnd 
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qiiickest methofl^of ascertaining and controlling this fgcdor 
in good boiler working. ' " * 


V. CALCULATION OF THE»HEitT LOSS^ DUE TO AqUEOUS 

Vapour. 

As pointed out on p. 151 the amount of aqueous 
vapour in the waste gases from steam boiler plants is rarely 
determined, and the heat losses due to# this constituent 
of the final exit gases are therefore largely unknown. The 
iollowing calculations however prove their importance, 
and the necessity for keeping the moisture in the coal as 
low as possible, as well as the advantagCiof using tuels con- 
taining a low pgrcentage of hydrogen. ^^The superior steam- 
raising efficiency of South Wales steam coal is no doubt due 
to its low percentage of hydrogen. 

Takhig the coal, the analysis of which was given in Chap- 
ter I, we find that there was 3-05 per dfent.. moisture and 
4-65 per cent, hydrogen present in the fuel as flelivered. 

Since hydrogen yields nine times its own weight* of 
aqueous vapour on combustion, every 100 lbs. of this coa] 
would produce 3'05-l- (4'65x 9) or 44*90 IJps. of aqueous 
vapour in the furnace gases, and i lb. of the coal would cor; 
jespondingly produce *449 lb. of aqueous "vapour. This 
aqueous vapour had, however, all to be raised from the tem- 
perature of the external air, to the temperature of ^he exit 
gases. In addition to the loss of heat due to the high 
specific heat of aqueous vaf)our, there was also that due 
to the fact that the water passing off as aqueous vapoui 
from the furnace of the boiler had first to be raised tc 
212® F. and then vaporized. Now 966 British Th. Units 
of heat disappear in the vaporization of i lb. of water, 
an?l this value is known as the latent heat of steam. The 
calculation for the heat lost with the moisture present ir 
these gases is therefore made as follows : the temperature 
of the exit gases being taken as 665° F., and the external 
•air temperature at 65° F. • • 

1. Heat required to wse the moisture from 65® F. tc 
212® F. — *449 X ^212 — 65) = 66 British Th. Units. • 

2. Heat required to convert this moisture into steam af 
ai2® F— *449 X 966 = 433 British Th. Units. 
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j. Heat required to raise this steam ,from ai2® F,*to 
665® F.^ — ■ 449 ^x ^(665*— 212) X *540 = i®9 British Th. Units» 
Thfe total* heat loss ^due to Ihci* presence of this aqueous 
vap6ur in the exit gases is therefor^ 

'66 X' 433 X' 109!= 608 British Th. Units. ^ 

With the fuel under consideratio'n this loss was equivalefit 
^ ^ 608 * 

to to4r8 per cent, of the total heat value of the fuel. 

The chief loss is due ta^he latent heat of the steaifl, and this 
heat cannot be recovered from the waste gases unless they 
be cooled below* 2i2® F. before passing up the chimney*. 
Since the efficiency of chimney draught is dependent upon the 
temperature difference of at least 400° F. between the vapour 
within the shaft and the air outside it, it will be seen that 
until fan draught § more general, the loss of this heat is largely 
unavoidable. It eSn, however, be minimized by the use 
of dry ftiel, and the prevention of all unnecessary steam 
.escapes into the furnaces of the boilers. The fuel tests given 
in the Appendix, show that great differences exist between 
the moisture tests for various classes of coal, and that ifi 
w^hed slacks of bituminous character, the moisture may 
rise to a very high figure. 

It is therefore questionable whether the freedom from 
ash obtained by washing is not purchased at too high a cost ; 
nnd it would, be well to stipulate in buying such washed 
slacks or “ peas ” that the moisture shall not exceed 5 pec 
cent, in the fuel as delivered. 


VI. Calculation of the Heat Balance. 

The method of ascertaining the evaporative efficiency of 
the boilers by means of a “ heat balance ” was described in 
Chapter VI. It is unnecessary to repeat here the details of 
this method of calculating the efficiency of the^^team-raising 
plant. The second entry in the heat balance given on p. 84 
may, however, be expanded to include all the heat losses 
discussed in Sections II, IV and V of this Chapter. 

The heat balance is then set out as follows 

^ The specific ^heat 6f steam rises with the temperature, and at 
665® F. is aboijt ,600. ^ 
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• * 

Heat Value of Fuel by CAkORiilEiES. 

“ ■ 

B. Til. 

tv Losses by <etc. • 

t. Coss(^ by waste gUses 

(a) due to excesj air •. 

<6) due to unburned carbonic o^icl^ 

(c) due to unbu^ned hydrogen and hydro- 
carbons . . . . • . 

{d) due to moisture . ^ . 

3. Losses by unburned carbon in cinders and ash 

4. Losses by heat carried in cinders and ash . 

$. Balance heat converted into steam .• 


The difference between the total of the iiems 1-4* and the- 
heat value of the fuel as ascertained by tj^e calorimeter then 
gives the total units of heat converted into steam, ^d fromi 
this the evaporative efficiency of the boiler or boilers is 
obtained, by expressing the result as a percentage of tke 
total heat available. It is important that the heat value 
of the undried fuel be used in these calculations, a^d not the 
heat value of the dry fuel, as usually returned by the cliemist. 
The former can be calculated when the latter is known. 

« Fig. 61 shows in graphic form the percenj:age of fuel 
wasted by heat losses in the exit gases at various tempera- 
tures. It is based upon a table given in the* Appendix of 
the book named below.^ 


As an illustration of the use of the diagram, we may take 
the case of waste gases confaining 8 per cent. CO2, and 
having a temperature of 600® F. At the point where the 
lines representing these values intersect in the diagram, we 
find the figure 24-9, which represents the percentage loss of 
fuel under these conditions. If the percentage loss is not 
marked for the particular case under consideration, the 
valut is obtained by interpolation. Taking a case in which 
the waste gasts contain 10-5 per cent. CO2, and pass away 
again at 600° F., the percentage fuel loss at 10 per cent. 
CO2 at 600® F. is 20-2, and at 12 per cent. CO2 it is 17-1. 
The loss at this temperature^ with 10-5 per cent. CO 2 'is 


therefore evidently 20-2- 


< 202~I7-I > 

4 > 


or 19-4 *per cen^ 


• * tt ^ 

Smoke Prevention and Fuel Economy, by Booth ^nd Kershaw 


Co&table. Revised edition, 1911. 
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FIG. 6l. — DIAGRAM OF HEAT LOSSES IN EXIT GASES? 


The otfier losses for the intermediate temperatures and 
CO 2 percentages are arrived at by aid of the diagram by 
use of a similar method. 
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RULES FOR SAMPLING FUEL. 

A S each barrow load or fresh portion of fuel is taken from the pile 
or store heap, a count is kept of the number used, and the 
whole contents of each tenth or twentieth harrow or portion aire placed 
on one side, in a cool place, under cover. Care-^nust be taken that 
the barrow or portjpn selected for the samplQij;Jocs not contain an 
unfair proportion of lumps or smalls. • 

At the end of the day, or period for which the sampling is to be 
carried on, the heap of fuel obtained for sampling purposes, as 
described above, is transferred to a sampling plate, and the larger 
lumps are all crushed down to walnut size. Should no sai^ling plate 
be available, four of the iron plates used for covering man-holes and 
boiler-flues may be utilized to obtain a hard clean surface on the floar 
of the boiler-house, and the crushing down of the sample may be 
carried out on these plates, with any heavy and flat lump of iron at 
^ hand. The heap of fuel, after this first crushing, •is thoroughly 
mixed by turning over and over with a spade. The heap is then 
flattened down, two lines are made across it at ri^t angles with 
tile edge of the spade, and two of the four opposite sections are 
selected to form the reduced sample. The lumps in this are again 
crushed, th^ sample is again mijied, and the quartering op(Sration 
repeated, until about 8 or lo lbs. of fuel only remain, with no 
lumps that will not pass througlfa J-in. sieve. Two i lb. tins, with 
patent lids, are filled from this remaining heap of fuel, after 
thoroughly mixing the same with the hands or with a small shovel. 
One of these tins is to be sent per parcels post to the fuel expert for 
analysis ; the other is to be kept for reference in case of dispute. 
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GOU^AL’S FORMULA FORiCALCULATION OF. THE GALOR- " 
IFIC VALUE OF THE FUEL. FROM THE RESULTS OF 
THE APPROXIMATE ANALYSIS. -» 

Goutal in 1902 published ^ the formula given below for calculating 
the calorific value of the fuel from the results o!> the approximate 
analysis, the formwla being based upon a very large number of tests 
of various French coals. The author has used this formula for some 
years,- and has compared the results obtained with it with the actual 



calorific values stained with the bomb calorimeter. In the ma- 
jority of instances the differences are small, and the formula may be 
used with advantage for determination of t|je calorific value, when 
no direct test is possible. It is a mistake, however, to place too 
gfeat reliance upon the calculated value, and in all cases of import- 
ance, the direct test with one the approved forms ot) calorimeter 
should be made. j 

The formula is as fdllows ; — ^ 

P=82C-f-aV, 

Zomptes 1902 . 

IQl 
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is which P is the calorific value of the fuel in^Centigrade is 

the percen^ge fixed carbon ; V is the percentage 6f volatile mat- 
ter ; and (a) is a vartaWe depending •upon percentage of hydr^ 
carTOi& and of hydrogen in the actual cf)mlii!8tible of the cc|l 1. 
Using tie formula ^ , 

• ^ ” C+V 

#he follbwiifg valines are obtained for d 


Vi= 5. 10. 15. 20. 25. 30. 35. 38. 40. 

a =145. 130. rt;. 109. 103. 98. 94. ^5^ 80. 

Figure 50 is a diagram giving the curve based upon the above 
figures, and this may be used with advantage in calculating the 
corresponding value of (a) for any value of (V‘), between the limits 
5 and 40. 

The following are a few results selected to show the fairly close 
agreement between the calculated and observed thermal values— 
for different coals tspted by the author (results in Centigrade units) : 


Observe. 

S'Siil 

7906 

7874 

69^8 

7169 


Calculated, 

8107 

8081 

7952 

7006 

7351 


X9^ 



thE U^«OF FUELS OF LOW CALORIFIC VALUE FOR 
STEAM-RAISINQ PURPOSES. 

The tables given on p. 190 of the Appendix indicate that great 
economies may be effected, by the use of cheap fuels, for steam- 
raising purposes. Under correct conditions of combustion with 
properly designed grates, these cheap fuels may be burned com- 
pletely without smoke, and as large a propo^ion of the total heat 
value of the fuel converted into steam, as in the case of the more 
expensive fuels. • * * 

But one can obtain in these cheap fuels two or even ^hree times 
the number of thermal units per penny of cost, that one obtains 
when buying South Wales steam coal or the higher class bituminous 
coals. By their employment, therefore, it is possible to reduce by 
50 per cent, or more the cost of the fuel for the boile|ft)lant. It is 
unwise, however, to attempt to use cheap fuels in this way uqjess 
the boilers be placed in the sole charge of a man who understands 
the scientific principles underlying combustion, and is ready to* 
adopt the methods of attaining economical work, details of which are 
given in Chapters VI, IX and XIV of this voluftie. Further, in 
burning low grade fuels, there is always a large increase in the weight 
® and volume of ashes and cinders, and special provision must be made 
for removing these without undue cost. The arrangement for trap- 
ping and ^lemoving flue-dust als^p requires most careful consideration 
when burning fuels high in ash contents, and a considerable alteration 
in the present methods of reny^ving flue-dust is demanded by the 
necessities of the case. The removal of cinders, ashes and flue-dust 
in such circumstances ought to be automatic and continuous ; but 
there is no difficulty in designing suitable mechanism for this pur- 
pose, and the question of its adoption simply resolves itself into one 
of “ will it pay ? ** In many, if not in the majority of large plants, 
th« answer to this question would be the aflirma-tive ; and the annual 
savings effect«i by the use of cheap fuel would balance many times 
over the interest upon capital cost and working expenses of auto- 
matic machinery for the removal of flue-dust and ashes. 



V. 

TESTS OF WATEE. FROM VARIOUS SOURCES, 


Results expressed in parts per 100,000. , 


Description. 

Total 

Solids. 

Temporary 

Hardness. 

Permanent 

Hardness. 

Total 

Hardness. 

Liverpool Corpor^ion 





Water. ^ ^ 

I . Lake V^mwy . . . 

4.46 


0 

1-7 

2. Rivington .... 

10-36 

— 

— 

3-9 

3. Dudlow Lane . . . 

19-2 

— 

— 

8-8 

4. ‘Green Lane . . . 

33-1 

— 



fo-8 

5. Windsor^ . . ' . . 

41-7 

— 

— 

28.5 

6. Waterlo(/District . . 

6-8 

1-5 

4-1 

5'6 

Various Districts. 





7. Spring water ?. . . 

17-6 

5-6 

7-2 

1 12-8 

8. Surface wat^ . . . 

56-8 

34'9 

3-8 

•387 

9. Surface water . . . 

47-00 

— 


— 

10 . From a Boilenin need of 





washing out . . . 

689-2 

““ 


** 


Notes. 

Lake Vyrnwy is in North Wales ; Rivington is a catchment area 
near Bolton. 

Samples 3, 4 and 5 were from the old pumping stations of the 
Liverpool Corporation, and are samples of well waters. Sample 6 
is the combination of Vyrnwy, Rivington and well water supplied 
to Liv^ool and district for domestic uses. It is an exceptionally 
pure water. Sample No. 9 contained 8*8 parts of organic matter 
per 100,000, and gave an acid reaction with phenol-pfithalein. The 
acidity required 10-847 parts NaiCO» per 100,000 of water* to 
neutralize it . * 

Sample No. 10 contained 43-2 parts of organic matter per 100,000 
of^wkter, and showed the danger of tunijpg boilers too long without 
blowing, off. lu this case the fittings owere always leaking. 
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VI. 

TYPICAL fESTS OF EXIT OASE§. 


No. 

• 

Per cent. COa 
(Carbon dioxide). 

Per cent. 0 
(Oxygen). ^ 

Per cent. CO 
(Carbonic oxide). 

I 

6 -8o 

I2-8o 

nil 

2 

5-80 

13-80 

1 nil 

3 

8-90 

10-60 

•nil 

4 

850 

lO-8o • 

nil 

5 

»io-6o 

6-20 • * 

2-00 

6 

1340 

5-40 

• -20 

7 

12-40 

6-70 

•30 


9-30 

9-10 

-80 . 

9 

8 -80 

10-40 ^ 

•20 

S 


Notes. 

All the above tests were made upon samples drawn from the flues 
)f boilers under actual working conditions, the samples being taken 
rom the side flues on the furnace side of the dampers. 

Tests I to 4 show low COa percentages and excess oxygen ; while 
:ests 8 and 9 indicate that even with a comparatively large excess 
)f oxygen it is possible to produce carbonic oxide under bad con- 
iitions of firing. In these two cases it is possible that tHb fire was 
:hick in places and burnt through in others, and that the air excess 
vas rushing in at these thin ^d bare places in the grate. 

Tests 5, 6 and 7 show fairly good COa percentages, but No. 5, with 
ts 2-00 per cent, of carbonic oxide, indicates the danger of attempting 
o attain high COa percentages, except under scientific control. 
The thermal losses due to carbonic oxide formation are discussed in 
'hapterXIV (p. 177). 
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TKDFX. 


A 

.•Acetylene, formation oi from 
coal, 9 

Acidity of feed-water, test for, 99 
Adiabatic Calorimeter, Emer- 
son’s, 62 

Ados CO2 apparatus, 159 
Air-bath for moisture tests, 30 
Air-leakage, heat losses due to, 
189 

Alkalinity of feed- water, test for, 
98, 114 

Ammonia as a by-product, 14 
Analyses, typical : Fuels, 6, 7, 8, 
10, II, 13, 14, 15, 190 

— feed-water, 91, 194 

— waste gases, 179, 195 
Anthracite : Characteristics, 4, 

10, II 

— products of combustion, 13 1 
Approximate Analysis : Fuels, 28 

— feed-water, 98 ^ 

— waste gases, 143 
Arndt’s Econometer, 172 
Artificial fuels, 4, 12 
Ash, tests for, 32 

— colour of, 34 
Astatki, II 

Auto CO, reco^r, 165 
Automatic CO3 apparatus, 1 55 

— water sampling apparatus, 96 
water-softening apparatus. 



B . 

t)alaftce and wdights for fuel 
• testing, 22 


Battery lor igniting fuel, 49 
Bimeter COf recorder, 163 
Bituminous Coal : characteristics 
of, 7, 8, 9 

— products of combustion, 131 
Bomb calorimeters, 55* 

Booth & l^rshaw, 78, 185 
Boys’ Gas calorimeter^ 68 

" Brasses ” in fuel, 9, 10 
Briquette fuels : characteristics 

oi. 13 , 

t 

C . « o 

Calcium carbonate, removal of, 
120* • 

— sulphate, removal of, 120 
Calculations for'softening chemi- 

cals, 122, 124 
Calorific tests of fuel, 41 ^ 

— value, calculation of, 191 

— work, general regulations for, 

42 

Calorimeters : classification of, 41 

— Darling, 47 

— Emerson’s, 62 

- — Lewis-Thompson, 43 

— Mahler-Donkin bomb, 55 
Carbon dioxide : Snap tests of, 

137, 144, 148 

— Recording apparatus, 155 
Carbon monoxide gas, fonna^n, 

4 . 131 

— loss of heat due to, 85, iffy 
Cellulose^constitution of, 4 
Cheap chemicE^ for water-soft- 
ening, u^ of,*i24 


107 
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Ch^ap fuels : seleat^n of, 193^ 

— economy of, i$3 ^ 

Checliiiig work of boilers,* 83 
Cheifistry of water-soften^g,i 1 9 
Clark’s degree of hardpess, de< 

Unition of, 108 ^ 

C^k’s test f6r hairiness, 108 
CO I Recorders : Ados, 159 

— Arndt, 170 

— Auto, 165 

— Bimeter, 163 

— Haber-Loewe, 173 

— Krell, 170 

— Mono, 167 

— Sarco, *159 

— Simmance-Abady,*i62 

— Telezometer, 173 * * 

— Thermfiscope, 169 

— Uehling, 160 
—•W.R., 167 

Coke, characteristics* of, 12 

— test for,^5 

Colour of ash, significance of, 34 

— waste gases, significance of, 

134 

Combustion, cohaplete, products 
of, 4 » 131 ‘ 

— incomplete, products of, 4, 9, 

131 

— process, chemistry of, 3, 4, 

131 

Comparison of thermal values, 
and prices of fuel, 77 
Continuous CO^ testing appara^ 
tus, description of, 155 

— connexions to flue, 156 
Contracts for fuel, placing, 77 
Control of fuel supplies, 80 
Crosfield & Dale, 140 


e 

fecdnome^ej (Arndt’s), 170 
^^merson’j Adiabatic* C^lori- 
f * »meter, 62 * 

Esctka method of sulphur de* 
^termination, 38 jf 

Ethylene, formation of, from 
coal, 9 ^ 

Excess air, heat losses due to, 
132, 176 

F 

Feed-waters, approximate ana- 
lysis of, 98 

Fixed carbon, <tests for, 35 

French degree of hardness, defi- 
nition, 108 

Fuel : Analyses of, 6, 7! 8, 10, 
II, 12, 13, 14, 15, 190 

— approximate analysis of, 28 

— artificial, 4, 12 

— contracts, placing, 77 

— contracts, typical examples 

of, 78, 79 

Fuel : losses with waste gases, 
186 

— testing, value of, 77, 80, 83 

Furnace temperature, calcula- 
tion of, 182 


G 

Gas calorimeters, 67 
Gas-coke : characteristics of, 12 

— products of combustion, i’3i 
Gaseous fuel: A^antagesof, 3, 

14 

— characteristics of, 14, 15 


— thermal value of, 15 

^j) fcasfius impurities of water, 89, 

/ ii8 

D^ling’s calorimeter, 4ji‘ German degfee of hardnessi do 

Dissolved^tsin^tural waters, finition, lof * 

^0 9 h 93» 123 Goutal's formula, 191 

198 
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Haber-LoewedOgappariliis, 1^3 | Lewis-Thom^sqp cul^rimeter, 43 
Hardness in water : •^lark de- Lignite, Characteristics of^ ^ 6 

gfee,*io8^ • •# Liquid ^uels, classification 0^ 4 

-l“ Clark’s test for, 108 • - ^ - 

— definitions of French and 
german degrees of, 10 8# 

Hetnrington, 7 

Heat bala 1 lt:%for boiler working, 

185 

Heat losses in waste gases : Due 
to air leakage, 180 

— due to carbonic oxide, 85, 

• 175, 176 

— due to excess air, 132, 180 

— due to hydrogen, 178 

— due to hydrocaibon gases, 180 

— due to moisture, 183 

— due to scale on boiler plates, 

— producing elements in fuel, 3 

— value of fuels, 3 
Honigman's gas-sampling ap- 
paratus, 137, 144 

Hydrocarbon gases : Formation 
of from coal, 9 

— heat losses due to, 180 
Hydrogen in coal : Significance 

of, 176 

— heat losees due to, 178 


• — heat value of, ii, 65 
Loss of heat, due to incomgjete 
combustion, 85f 1 

. M 

Magnesium carbonate, removal 
of from irater, 1 20 

— sulphate, removal of from 

water, 121 

Mahler-Donkin bomb calori- 
meter, 55 • 

Methane, formation of from coal, 
9 •' 

Moisture in coal : Hbat losses 
due to, 183 

— tests for, 25, 28, 31 • 

Mond-gas, 15 _ 

Mono CO2 recorder, C67 
Mould for making fuel briquettes, 

52 

Natural fuels : Origin of, 4, 6 

— classification* of, 3, 4 

— constitution of, 4 
Non-scale-forming salts in water, 

93 


I 


O 


Impurities of feed-waters, dan- 
gers of, 89 

, Incomplete combustion : Pro- 
ducts of, 4, 9, 1 31 
— teat losses due to, 177 
Intermittent t3rpes of water- 
softening apparatus, 125 


Junker's Gas calorimeter, 75^ 
KrellCQa recorder, 170 


Oil : Dangers cf, in feed-water, 

113 

— tests for, in feed-water and 

boiler scale, iii, 112, 113, 
127 

Oil-filters, 127 

Organic matter in water, test for, 
107 

Orsat gas-testing apparatus, 145 

ft 

P* 

Peat, cl^racteristics of, 4, 6* 
Peat-coke : Chajacteristics of, 13 

— use as a ^bstitute for coal, 1 3 
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* • 

P$maneift harane^ of^wat^r: Solutions {or Orsat apparatus. 
Definition o^*^ * ^ ^ preparing, 156 

— tests for, 109, ii6* t *So6t, tKeory and causes of, 9, 


PetrSleitm, ^constitution of, 5, II ^ # 1^2’ • * 

Phj^ical coftstitution of dbal, 4 • opting water, chaActeristics an j 
' * dangers of, 89, 92 

Sta]|dard solutions for w|(er- 
testine. loi. 110 -f 


Placing fuel contracts, ^7 
ijjoofe, * 

Pieparing fuel samples for analy- 
sis, 17, 19, 21, 24, i8c^ 

R • ' 

Rain-water, characteristics of, 90 
Rideal, 9 

River-water, characteristics of, 

91 


SaQipling fuels, 16, 81, 189 

— waste gases, 135 , 

— water, 

Sa^co COj testing apparatus, 
159* 

Scale-forming salts in‘ water, 
93 

Scale on boiler plates, heat losses 
due to, 123 • 

Secret, commissions in boiler- 
house, 81 

Semi-Anthrac'its : Characteris- 
tics of, 10 

— products of combustion of, 

131 

Simmance-Abady CO. recor- 
der, 162 

Smoke formation, causes of, 9, 

132 

Snap samples of waste gases, 

137 

Softening apparatus : Advan- 
^tages of, 93, 118 

— control of, 126 

, — types of, 125 ► - 

Sofiming reagents : Calculations 
for, 122, 124* ^ 

-- obonistiy of, 120 , 123 


testing, loi, no 
Steads’ gas-sampling ipparatus, 

138. 143 

Steam coals, characteristiS of, 
10 

Sulphur in coal : Presence of, 9, 
10 • 

— products of combustion, 13 1 

— tests for, 38 

Sulphuric aci 4 Amount pro- 
duced from coal, 9 

— removal of from waste gases, 

9 

Surface waters, characteristics 
of, 90 

Suspended solid matter in feed 
waters, tests for, 103, 115 


Telezometer recorder, 173 
Temporary hardness of water '. 
Definition of, 93 ^ 

— tests for, 89, 108, 1 16 
femperature of boiler furnaces, 
calculation of, 182 
Thermal losses: see ** Heat** 


— value : see** Heat” value 
Thermoscope, 169 

Total solids in feed water, tests 
for, 105, 1 1 5, *128 
Typical tests for fuel, 6, 7, 8, 10, 
II, f3, 14, 15, 190 

— water, 194 

- waste gases, 195 


Uehling CO] apparatus, «6o 
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Volatile matt^ in fuel, t^ts for, 
35 

• * * . 

\\ w 

WcKte gases : Approximate an- 


WoKte gases : Ap] 
telysis of, 143 
— aVerage sample 


— average samples of, 135, 138, 

153 

— c<^our of, 134 

— composition of, 13 1 

— necessity for testing, 132 

— reiractive indices for, 134, 

• 173 


—^specific gravity, 134 

— specific heat, 133 

— temperature of 132 


— tests for moisture, 15 1 

— tests for soot, 15 1, 153 

— typical analyses of, 1 79, 195 
Water : Approximate analysis 

of, 98 


Water chemical anck pnysiq^ 
• charactTOtics of, 90 

— imparities natural, 89 

— hardness of natural, 95 % 

— necessity and valife of testing, 

• 89, W3, 119, 126 

— oil in, dangers of and 

for, III, *13, 12?* * 

— organic matters, tests for, 

107 

— softening plant, advantages 

of, 93* 1^8 

— sources of natural, 89 

— typical analyses of, 91, 194 
Webster CO^ recorder,^ 167 
Winkler &^odeau, 150 
Wood, chemical constitution oi 

5 « 

— charcoal, 5 


Zeiss, 172 
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